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Abstract 
This publication contains the papers, discussions and recommendations at an international 
workshop, Targeting agricultural research for development in the semi-arid tropics of sub-
Saharan Africa. The meeting was attended by over 50 R&D specialists from national and 
international research institutes, regional organizations, universities, NGOs, donor agencies and 
the private sector. 
There have been significant changes in policy, market conditions and household livelihood 
strategies in sub-Saharan Africa, particularly in the past decade. This meeting sought to examine 
the effects of these changes on smallholder farmers' investment strategies; identify factors 
influencing technology choice; assess trends and prospects relating to agricultural technology; 
and examine institutional arrangements to support research. 
The presentations and discussions highlighted the key biophysical, socio-economic, and 
institutional factors influencing technology adoption. Recommendations were made on specific 
ways to improve technology adoption and impact in semi-arid areas, including new approaches to be 
considered by international research institutes such as ICRISAT. 
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Preface 
W i l l i a m D D a r 1 
T h e s e m i - a r i d t r o p i c a l e n v i r o n m e n t - I C R I S A T ' s m a n d a t e r e g i o n - i s 
c o n s t a n t l y chang ing . W e have seen s w e e p i n g changes i n a g r i c u l t u r a l a n d 
t r a d e po l i cy , a n d l i v e l i h o o d s trategies , p a r t i c u l a r l y i n t h e past decade . 
I C R I S A T p e r i o d i c a l l y r e v i e w s these changes, w i t h g u i d a n c e f r o m o u r 
pa r t ne r s , a d j u s t i n g p r i o r i t i e s a s n e e d e d t o b e t t e r focus o n o u r goal o f 
p o v e r t y a l l e v i a t i o n . T h i s w o r k s h o p i s p a r t o f a c o n t i n u i n g e f f o r t t o 
f o r m a l i z e t h i s r e v i e w process . W i t h t h e i n v o l v e m e n t o f p a r t n e r s a n d 
s t a k e h o l d e r s f r o m N A R S , s is ter C G I A R C e n t e r s a n d o the r s , w e seek t o 
r e v i s i t o u r resea rch agenda, i d e n t i f y k e y issues, a n d c o r r e s p o n d i n g l y revise 
o r read jus t o u r research p r i o r i t i e s . 
I C R I S A T ' s v i s i o n i s t o i n i t i a t e a G r e y t o G r e e n R e v o l u t i o n , t a r g e t e d a t 
reg ions a n d f a r m e r s w h o have b e e n bypassed b y t h e G r e e n R e v o l u t i o n o f 
t h e 1 9 6 0 s a n d 1970s . O u r w o r k i s t a r g e t e d a t m a r g i n a l e n v i r o n m e n t s , 
p a r t i c u l a r l y t h e s e m i - a r i d regions o f sub-Saharan A f r i c a . T h e g u i d i n g 
m o t t o b e h i n d o u r w o r k i s Sc ience w i t h a H u m a n Face - n o t r e sea rch 
s i m p l y f o r i t s o w n sake, b u t research f o r d e v e l o p m e n t , w h i c h can d e l i v e r 
s i g n i f i c a n t b e n e f i t s t o t h e poor . 
T h e I n s t i t u t e w o r k s t h r o u g h p a r t n e r s i n d i f f e r e n t c o u n t r i e s , a n d f r o m 
d i f f e r e n t sec tors - n a t i o n a l research a n d e x t e n s i o n sys tems, u n i v e r s i t i e s , 
t h e p r i v a t e sector , N G O s a n d f a r m e r o rgan iza t ions , p o l i c y m a k e r s , 
a d v a n c e d research i n s t i t u t e s , a n d o t h e r s . I n o t e t h a t a v e r y w i d e range o f 
p a r t n e r s a n d s t a k e h o l d e r g r o u p s i s r e p r e s e n t e d a t t h i s m e e t i n g . W e seek 
y o u r i n p u t s i n t o t h e process o f r e d e f i n i n g o u r research p r i o r i t i e s f o r sub-
Saharan A f r i c a . 
W e l c o m e t o I C R I S A T N a i r o b i . I h o p e y o u w i l l have a p leasant a n d 
p r o d u c t i v e m e e t i n g , a n d I a m c o n f i d e n t t h a t t h e o u t p u t s o f these 
discuss ions w i l l p r o v i d e u s w i t h u s e f u l g u i d e l i n e s t h a t w i l l h e l p t h e 
I n s t i t u t e a n d i t s p a r t n e r s sha rpen o u r research focus i n o r d e r t o achieve 
e v e n g rea t e r i m p a c t o n f a r m e r s ' f i e l d s . 
1. Director General, ICRISAT, Patancheru, India. 
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Welcome Address 
S a i d N S i l i m 1 
L a d i e s a n d g e n t l e m e n 
W e l c o m e t o N a i r o b i . S o m e o f y o u m a y b e w o n d e r i n g w h e t h e r w e 
r e a l l y are i n t h e s e m i - a r i d t r o p i c s . N a i r o b i has a n a b u n d a n c e o f greenery , 
t h a n k s t o t w o r a i n f a l l seasons a year ; b u t t h e a r i d , d r o u g h t - p r o n e areas 
b e g i n j u s t east o f t h e a i r p o r t . A l m o s t 8 0 % o f K e n y a i s c lass i f i ed a s 
d r y l a n d s . 
I see sc ien t i s t s a n d d e v e l o p m e n t e x p e r t s f r o m a l l ove r A f r i c a 
a s s e m b l e d h e r e - w h i c h i s a p p r o p r i a t e , because we a i m to t a c k l e a 
f o r m i d a b l e p r o b l e m : h o w t o s t i m u l a t e a g r i c u l t u r a l d e v e l o p m e n t i n t h e 
s e m i - a r i d t r o p i c s ( S A T ) o f A f r i c a . 
H u g e i n v e s t m e n t s have b e e n m a d e i n a g r i c u l t u r a l research i n t h e 
r e g i o n , w i t h t h e a i m o f c r e a t i n g w e a l t h a n d i m p r o v i n g f o o d secur i ty . 
H o w e v e r , t h e i m p a c t has b e e n m i n i m a l . T h e p e o p l e i n t h e r u r a l S A T o f 
A f r i c a have b e c o m e p o o r e r r a t h e r t h a n r i c h e r ; m a n y are u n a b l e t o p r o d u c e 
e n o u g h f o o d e v e n t o m e e t h o u s e h o l d r e q u i r e m e n t s . R a p i d p o p u l a t i o n 
g r o w t h has r e s u l t e d i n l a n d f r a g m e n t a t i o n a n d i n t e n s i f i c a t i o n o f 
c u l t i v a t i o n . S ince t h e r u r a l p o o r d o n o t have t h e resources t o p r o c u r e 
i n p u t s , t h e n a t u r a l r e sou rce base has b e c o m e inc reas ing ly d e g r a d e d , a n d 
p r o d u c t i v i t y has d e c l i n e d f u r t h e r . R u r a l p o v e r t y i s g e n e r a t i n g large-scale 
m i g r a t i o n i n t o u r b a n areas, c r e a t i n g a n e q u a l l y ser ious p r o b l e m o f u r b a n 
p o v e r t y caused b y l a c k o f e m p l o y m e n t o p p o r t u n i t i e s . 
Researchers have a sked o n e q u e s t i o n f o r m a n y years: W h y has t h e 
r a t e o f t e c h n o l o g y a d o p t i o n b e e n s o l o w ? I have o f t e n a sked m y s e l f t h e 
same q u e s t i o n . Perhaps y o u can h e l p f i n d t h e answer . 
C h a n g e i n t h e a g r i c u l t u r a l , socia l , a n d p o l i c y e n v i r o n m e n t , 
p a r t i c u l a r l y o v e r t h e past decade , has a d d e d a n o t h e r l aye r o f c o m p l e x i t y 
t o t h e l o n g - s t a n d i n g p r o b l e m o f s l o w d e v e l o p m e n t a n d inc reas ing p o v e r t y . 
For e x a m p l e , t e c h n o l o g i e s f o r i n t e n s i f i c a t i o n o f a g r i c u l t u r e , o n c e 
c o n s i d e r e d p r o m i s i n g , m a y b e less r e l e v a n t i n t h e c o n t e x t o f l a b o r 
shortages c r e a t e d b y t h e H I V / A I D S p a n d e m i c . W e m u s t n o w also ask: A r e 
o u r R & D p r i o r i t i e s c o n s i s t e n t w i t h t h e i n v e s t m e n t s t ra tegies o f r u r a l 
h o u s e h o l d s i n A f r i c a ? 
l.ICRISAT, Nairobi, Kenya. 
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W e c o m e f r o m d i f f e r e n t i n s t i t u t i o n s , each w i t h i t s o w n m a n d a t e a n d 
research agenda, b u t w e share a c o m m o n i n t e r e s t i n A f r i c a ' s d e v e l o p m e n t , 
i n p a r t i c u l a r i n t h e d r o u g h t - p r o n e e n v i r o n m e n t s o f t h e SAT. B e t w e e n us, 
w e have cons ide rab l e e x p e r i e n c e i n R & D t a r g e t e d a t these areas, a n d a 
g o o d sense o f t h e c o n s t r a i n t s t o a g r i c u l t u r a l d e v e l o p m e n t . W e m u s t p o o l 
t h i s e x p e r i e n c e a n d k n o w l e d g e t o i d e n t i f y s t rategies t h a t w i l l address 
t h e r ea l needs o f t h e p o o r w h o l i v e i n t h e A f r i c a n SAT; a n d rearrange 
o u r resea rch p r i o r i t i e s acco rd ing ly . I e x p e c t t h a t b y t h e e n d o f o u r 
d e l i b e r a t i o n s w e w i l l : 
• A r t i c u l a t e a sha red v i s i o n o f t h e t y p e o f soc ie ty w e w i s h t o have i n t h e 
S A T 
• I d e n t i f y s t ra tegic p r o b l e m s o r chal lenges t h a t n e e d t o be addressed 
• D e v e l o p a c l ea r ly p r i o r i t i z e d agenda f o r d e v e l o p m e n t t h a t w i l l i m p r o v e 
t h e w e l f a r e o f t h e p e o p l e w h i l e e n s u r i n g t h a t t h e n a t u r a l r esource base 
i s i m p r o v e d . 
I w i s h y o u success i n y o u r d e l i b e r a t i o n s . I h o p e t h a t w h e n w e l o o k 
b a c k a t t h i s m e e t i n g a f e w years f r o m n o w , w e can say w i t h p r i d e t h a t t h e 
N a i r o b i m e e t i n g d i d m a k e a d i f f e r e n c e t o t h e w e l l - b e i n g o f t h e p o o r i n t h e 
s e m i - a r i d t r o p i c s o f A f r i c a . 
T h a n k y o u . 
v i i 
Introduction 
T h e a g r i c u l t u r a l e c o n o m i e s o f A f r i c a have w i t n e s s e d a n u m b e r o f 
s i g n i f i c a n t changes d u r i n g t h e past 1 0 t o 2 0 years . T h e e x t e n t a n d b r o a d -
r a n g i n g i m p l i c a t i o n s o f these changes j u s t i f y a reassessment o f r e sea rch 
a n d d e v e l o p m e n t ( R & D ) p r i o r i t i e s i n a g r i c u l t u r e . 
A m a j o r j u s t i f i c a t i o n f o r t h e c o n f e r e n c e "Targe t ing A g r i c u l t u r a l 
Research f o r D e v e l o p m e n t i n t h e S e m i - A r i d T r o p i c s o f Sub-Saharan 
A f r i c a " i s t h a t t h e aggregate i m p a c t s o f a g r i c u l t u r a l r esea rch i n s e m i - a r i d 
reg ions o f A f r i c a are d i f f i c u l t t o see. D u r i n g t h e past t w o decades, 
a g r i c u l t u r a l p r o d u c t i o n has lagged b e h i n d p o p u l a t i o n g r o w t h i n d r i e r 
reg ions o f t h e c o n t i n e n t . O n l y l i m i t e d i m p r o v e m e n t s have b e e n a c h i e v e d 
i n t h e p r o d u c t i v i t y o f c r o p s a n d l i v e s t o c k . F o o d i n s e c u r i t y r e m a i n s 
w i d e s p r e a d . M o s t smal l -sca le f a r m e r s s t i l l f a i l t o p r o d u c e e n o u g h f o o d t o 
m e e t h o u s e h o l d r e q u i r e m e n t s . A t least o n e - q u a r t e r o f a l l h o u s e h o l d s i s 
c h r o n i c a l l y u n d e r - n o u r i s h e d a n d c o n t i n u e s t o subsist o n less t h a n U S $ 1 
p e r day. 
L o w rates o f t e c h n o l o g y a d o p t i o n raise q u e s t i o n s a b o u t w h e t h e r 
R & D p r i o r i t i e s are c o n s i s t e n t w i t h t h e i n v e s t m e n t s t ra tegies o f r u r a l 
h o u s e h o l d s . T h e s e i n v e s t m e n t dec i s ions are b e i n g i n f l u e n c e d , i n p a r t , b y 
c h a n g i n g m a r k e t c o n d i t i o n s . I n p u t a n d p r o d u c t m a r k e t s have b e e n l a rge ly 
l i b e r a l i z e d i n m u c h o f A f r i c a . T h e c o m b i n a t i o n o f f ree t r a d e a n d 
g l o b a l i z a t i o n has i nc r ea sed t h e r e l a t i v e i m p o r t a n c e o f t r a d a b l e a g r i c u l t u r a l 
c o m m o d i t i e s r e l a t i v e t o n o n - t r a d a b l e s . F a r m e r s n o w face b r o a d e r 
i n v e s t m e n t cho ices i n cash c r o p o r l i v e s t o c k en te rp r i se s . A s m a l l s e c t i o n o f 
f a r m e r s o p e r a t i n g i n d r o u g h t - p r o n e reg ions are successfu l ly c o m m e r c i a l i z -
i n g t h e i r o p e r a t i o n s . S o m e are t a k i n g advantage o f m o r e l i b e r a l l a b o r 
m a r k e t s t o p u r s u e e m p l o y m e n t o p p o r t u n i t i e s o f f t h e f a r m . B u t t h e 
m a j o r i t y o f f a r m e r s r e m a i n m i r e d i n p o v e r t y r e i n f o r c e d b y l o w asset 
i n v e n t o r i e s a n d p o o r access t o m a r k e t s . T h e s e i n e q u a l i t i e s are b e i n g 
r e i n f o r c e d b y t h e g r o w i n g i n c i d e n c e o f H I V / A I D S . 
F a r m e r s v a r y c o n s i d e r a b l y i n capab i l i t i e s a n d i n v e s t m e n t ob j ec t i ve s , 
a n d c o r r e s p o n d i n g l y n e e d a w i d e r c h o i c e o f t e c h n o l o g y o p t i o n s . Y e t t h e 
c a p a c i t y o f p u b l i c l y f u n d e d resea rch sys t ems - n a t i o n a l , r e g i o n a l , a n d 
i n t e r n a t i o n a l r esea rch i n s t i t u t i o n s - t o r e s p o n d t o t hese cha l lenges appears 
t o b e d e c l i n i n g . W h i l e t h e n u m b e r s o f s c i e n t i f i c s t a f f i n n a t i o n a l r esea rch 
v i i i 
sys tems have b e e n increas ing , o p e r a t i o n a l b u d g e t p e r s t a f f m e m b e r has 
b e e n f a l l i n g . L o w p u b l i c sec to r salaries have e n c o u r a g e d t h e m i g r a t i o n o f 
m a n y h i g h l y q u a l i f i e d sc ien t i s t s o u t o f n a t i o n a l research i n s t i t u t e s . 
Q u e s t i o n s have b e e n ra i sed a b o u t t h e f u t u r e s u s t a i n a b i l i t y o f r eg iona l 
research o rgan iza t ions a n d t h e i r c o m m o d i t y n e t w o r k s w h i l e f u n d i n g f o r 
i n t e r n a t i o n a l a g r i c u l t u r e resea rch has s tagna ted . Inc reas ing i n v e s t m e n t s b y 
t h e p r i v a t e sec to r c an o n l y o f f se t a p a r t o f these losses. T h u s n e w 
i n s t i t u t i o n a l a r r a n g e m e n t s m a y b e necessary t o m a k e a g r i c u l t u r a l research 
m o r e e f f i c i e n t . 
T h e w o r k s h o p was o r g a n i z e d a r o u n d s ix sessions r e p r e s e n t i n g s ix 
t h e m a t i c areas o f c o n c e r n t o research a n d d e v e l o p m e n t i n t h e s e m i - a r i d 
t r o p i c s . T h e t h e m a t i c areas w e r e i n t u r n o r g a n i z e d i n t o t o p i c a l 
p r e s e n t a t i o n s o f b o t h research a n d p o s i t i o n papers o n r e l a t e d issues t h a t 
are r e l e v a n t t o S A T R & D . T h e sessions c o n s i s t e d o f p a p e r p r e sen t a t i ons , 
p a n e l d iscuss ions , a n d o p e n discussions o n t h e p r e sen t a t i ons . 
T h i s p u b l i c a t i o n d o c u m e n t s t h e f u l l p r o c e e d i n g s o f t h e w o r k s h o p -
t h e p a p e r p r e sen t a t i ons , d iscuss ions a n d r e c o m m e n d a t i o n s b y t h e 
c o n f e r e n c e p a r t i c i p a n t s . 
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Objectives of the workshop 
D a v i d D R o h r b a c h 
I C R I S A T has c o n v e n e d t h i s m e e t i n g i n o r d e r t o e x a m i n e w h y past 
progress has b e e n s o l i m i t e d , a n d t o w o r k w i t h k e y p a r t n e r s t o reset 
c o l l a b o r a t i v e p r i o r i t i e s f o r t e c h n o l o g y d e v e l o p m e n t . T h e r e c o n s i d e r a t i o n 
o f p r i o r i t i e s i s p a r t i c u l a r l y i m p o r t a n t i n t h e c o n t e x t o f d e c l i n i n g b u d g e t s 
f o r a g r i c u l t u r a l research . T h e l i m i t e d e x t e n t o f o u r pas t i m p a c t s m a y have 
c o n t r i b u t e d t o t h i s d e c l i n e . H o w e v e r , i n s t i t u t i o n s l i k e I C R I S A T also n e e d 
t o m o v e b e y o n d t h e d e v e l o p m e n t o f n e w va r i e t i e s , a n d r e sou rce 
m a n a g e m e n t t e c h n o l o g i e s , t o p l a y a la rger r o l e i n p r o m o t i n g t h e i r 
a p p l i c a t i o n . 
T h o u g h t h e m e e t i n g has b e e n o r g a n i z e d b y I C R I S A T , w i t h f i n a n c i a l 
s u p p o r t f r o m t h e U n i t e d States A g e n c y f o r I n t e r n a t i o n a l D e v e l o p m e n t , 
U S A I D , w e e x p e c t t h e d e l i b e r a t i o n s t o b e r e l e v a n t f o r a w i d e range o f 
i n s t i t u t i o n s i n v o l v e d i n a g r i c u l t u r a l d e v e l o p m e n t o n A f r i c a ' s d r i e r reg ions . 
S t r o n g e r p a r t n e r s h i p s are n e e d e d l i n k i n g n a t i o n a l a n d i n t e r n a t i o n a l 
i n s t i t u t e s . T h e a c h i e v e m e n t o f i m p a c t also r e q u i r e s b e t t e r l i n k s b e t w e e n 
p u b l i c a n d p r i v a t e r e sea rch a n d d e v e l o p m e n t o rgan iza t ions . T h i s i n c l u d e s 
p r i v a t e i n d u s t r y . W e e x p e c t t h e p r i o r i t i e s set d u r i n g t h i s c o n f e r e n c e t o b e 
r e l e v a n t t o e a c h o f these p a r t n e r s . 
T h e m e e t i n g w i l l : 
• C o n s i d e r h o w i n v e s t m e n t s t ra tegies o f s m a l l h o l d e r f a r m e r s are 
i n f l u e n c e d b y t h e i r c h a n g i n g l i v e l i h o o d o p t i o n s . 
• L a y o u t f ac to r s c h a r a c t e r i z i n g t h e e n v i r o n m e n t o f t e c h n o l o g y c h o i c e . 
• Assess t r e n d s a n d p r o s p e c t s r e l a t i n g t o a g r i c u l t u r a l t e c h n o l o g y . 
• E x a m i n e t h e e v o l u t i o n o f i n s t i t u t i o n a l a r r a n g e m e n t s f o r a g r i c u l t u r a l 
r esea rch i n A f r i c a . 
T h e c o n f e r e n c e s c h e d u l e a l l o w s s u b s t a n t i a l t i m e f o r d i s cus s ion o f t h e 
papers a n d associa ted resea rch f i n d i n g s . T h e m e e t i n g w i l l c lose w i t h a 
s u m m a r y d i scuss ion a n d r e v i e w o f t h e c o n f e r e n c e r e c o m m e n d a t i o n s . W e 
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e x p e c t these r e c o m m e n d a t i o n s w i l l b e c i r c u l a t e d t o a w i d e r range o f 
p a r t n e r s i n c l u d i n g t h e sub - reg iona l o rgan iza t ions r e spons ib l e f o r 
c o o r d i n a t i n g a g r i c u l t u r a l r esea rch i n A f r i c a . U l t i m a t e l y , t h i s m e e t i n g 
s h o u l d genera te a n o n - g o i n g d i scuss ion a b o u t research p r i o r i t i e s a n d 
i m p a c t s . T h e w e l f a r e o f A f r i c a ' s smal l -scale f a r m e r s d e p e n d s o n t h i s so r t 
o f i n i t i a t i v e . 
x i 

T e c h n o l o g i c a l change occur s , u l t i m a t e l y , a t t h e h o u s e h o l d l e v e l . 
Papers i n t h i s session e x p l o r e t h e r e l a t i o n s h i p s b e t w e e n l i v e l i h o o d 
s t rategies a n d dec is ions t o i nves t i n i m p r o v e d t e c h n o l o g i e s . Case 
s tud ies are p r e s e n t e d f r o m Z i m b a b w e , B u r k i n a Faso a n d K e n y a . 
T h e r e w e r e s ign i f i can t l o c a t i o n - s p e c i f i c d i f f e r ences , f o r e x a m p l e i n 
t h e r e l a t i v e shares ( a n d t r e n d s ) o f a g r i c u l t u r a l i n c o m e i n t o t a l 
i n c o m e ; a n d i n t h e fac to rs d r i v i n g d i v e r s i f i c a t i o n . B u t t h e b r o a d 
lesson i s t h a t s m a l l h o l d e r f a r m e r s seek t o d i v e r s i f y t h e i r sources o f 
i n c o m e , u s i n g b o t h f a r m a n d n o n - f a r m i n c o m e t o ensure f o o d a n d 
l i v e l i h o o d secur i ty . A g r i c u l t u r a l research m u s t i d e n t i f y a n d d e v e l o p 
t e c h n o l o g i e s based o n t h i s u n d e r s t a n d i n g o f l i v e l i h o o d s t ra tegies . 
Rural Household Decision Making 
and Technology Change 

Drought, rural household decision making and 
technological change in southern Zimbabwe 
D a v i d D R o h r b a c h a n d J a n e A l u m i r a 1 
T h i r t e e n m i l l i o n p e o p l e c u r r e n t l y r e q u i r e e m e r g e n c y f o o d a i d d u e t o d r o u g h t i n 
s o u t h e r n A f r i c a ( F A O 2 0 0 2 ) . I n Z i m b a b w e alone, a j o i n t m i s s i o n o f t h e U n i t e d 
N a t i o n s F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n ( F A O ) a n d t h e W o r l d F o o d P r o g r a m 
( W F P ) has e s t i m a t e d t h a t s ix m i l l i o n p e o p l e are v u l n e r a b l e t o s t a rva t ion . These 
i n c l u d e t h e m a j o r i t y o f small-scale f a rmers . T h e c o u n t r y ' s aggregate cereal 
s u p p l y s h o r t f a l l i s e s t i m a t e d a t 1.9 m i l l i o n tons , a l m o s t 7 5 % o f t h e na t i ona l g ra in 
r e q u i r e m e n t . T h e cos t o f i m p o r t i n g t h i s g ra in i s l i k e l y t o e x c e e d U S $ 2 8 5 
m i l l i o n . A d d i t i o n a l resources are sough t f o r t h e d i s t r i b u t i o n o f seed a n d f e r t i l i z e r 
t o s u p p o r t t h e r e -e s t ab l i shmen t o f p r o d u c t i o n d u r i n g t h e 2 0 0 2 / 0 3 season. 
Z i m b a b w e ' s f o o d d e f i c i t was w o r s e n e d b y t h e r e d u c t i o n o f g r a i n s tocks 
caused b y p o o r ra ins d u r i n g t h e 2 0 0 0 / 0 1 c r o p p i n g season. G r a i n p r o d u c t i o n b y 
large-scale c o m m e r c i a l f a r m e r s also d e c l i n e d as a r e s u l t o f t h e g o v e r n m e n t ' s 
l a n d r e f o r m p r o g r a m . B u t t h e m a i n cause o f Z i m b a b w e ' s g r a i n p r o d u c t i o n 
shortages i s t h i s pas t season's d r o u g h t . 
W h i l e t h e aggregate l e v e l o f Z i m b a b w e ' s g r a i n shor tage i s u n u s u a l l y 
severe t h i s year, t h e i n c i d e n c e o f d r o u g h t i s n o t . Poor ra ins cause s i g n i f i c a n t 
dec l ines i n s o u t h e r n A f r i c a ' s r e g i o n a l g r a in harves ts a p p r o x i m a t e l y o n e o u t o f 
eve ry f o u r years ( B e p u r a , 1 9 9 9 ) . I n Z i m b a b w e , d r o u g h t has caused m a j o r c r o p 
losses d u r i n g 4 o f t h e last 1 0 years, a n d 8 o f t h e last 2 0 . T h e 1 9 9 1 / 9 2 d r o u g h t 
was said t o b e t h e w o r s t i n a c e n t u r y . 
T h e c o u n t r i e s i n s o u t h e r n A f r i c a have s t r u g g l e d t o f i n d a l o n g e r - t e r m 
s o l u t i o n t o s u c h p e r s i s t e n t d r o u g h t . I n 1 9 8 3 , t h e S A D C C o u n c i l o f M i n i s t e r s 
i n v i t e d I C R I S A T t o e s t ab l i sh a r e g i o n a l p r o g r a m t o i m p r o v e p r o d u c t i o n levels 
o f t w o d r o u g h t t o l e r a n t ce rea l grains - s o r g h u m a n d p e a r l m i l l e t . F a r m e r s 
g r o w i n g c r o p s i n s e m i - a r i d areas w e r e v i e w e d t h e m o s t v u l n e r a b l e t o t h e r i sks 
o f d r o u g h t . T h e n e w S o r g h u m a n d M i l l e t I m p r o v e m e n t P r o g r a m ( S M I P ) was 
t a s k e d t o w o r k w i t h sc ien t i s t s i n n a t i o n a l a g r i c u l t u r a l r esea rch i n s t i t u t e s t o 
d e v e l o p va r i e t i e s a n d associa ted m a n a g e m e n t p rac t i ces necessary t o increase 
g r a i n p r o d u c t i v i t y i n these reg ions . P a r t i c u l a r emphas i s w a s p l a c e d o n 
d e v e l o p i n g ea r l i e r m a t u r i n g va r i e t i e s capable o f escap ing d r o u g h t . 
1. ICRISAT, Bulawayo, Zimbabwe. 
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A f t e r a l m o s t 2 0 years o f e f f o r t , m o r e t h a n 4 5 n e w var ie t i e s o f s o r g h u m 
a n d p e a r l m i l l e t have b e e n released. T h e m a i n advantage o f these var ie t i es i s 
t h e i r ea r l i e r m a t u r i t y c o m p a r e d w i t h t r a d i t i o n a l s o r g h u m a n d p e a r l m i l l e t 
c u l t i v a r s . T h i s increases t h e p r o b a b i l i t y o f a harves t w h e n rains e n d early. 
F a r m e r r e c o g n i t i o n o f t h i s advantage has s t i m u l a t e d w i d e s p r e a d a d o p t i o n o f 
t h e n e w var ie t i es . These are n o w s o w n o n ove r 2 0 % o f s o u t h e r n A f r i c a ' s 
s o r g h u m a n d p e a r l m i l l e t area. I n Z i m b a b w e , I C R I S A T surveys revea l t h a t 
3 0 % o f n a t i o n a l s o r g h u m area, a n d a l m o s t 5 0 % o f t h e p e a r l m i l l e t area, are 
p l a n t e d t o t h e n e w var ie t i es . 
B u t t h e p r o b l e m o f f o o d shortages caused b y d r o u g h t r ema ins . W h i l e t h e 
n e w var ie t i es o f s o r g h u m a n d p e a r l m i l l e t i m p r o v e t h e l i k e l i h o o d o f a harves t , 
la rger a n d m o r e cons i s t en t gains i n p r o d u c t i v i t y can o n l y b e o b t a i n e d f r o m t h e 
associa ted a d o p t i o n o f i m p r o v e d c r o p m a n a g e m e n t p rac t i ces . B e t t e r w a t e r a n d 
n u t r i e n t m a n a g e m e n t are r e q u i r e d t o raise average g r a i n y i e ld s i n b o t h d r o u g h t 
years a n d seasons o f favorab le r a i n f a l l . Ye t m o s t smal l -scale f a r m e r s r e m a i n 
e i t h e r r e l u c t a n t o r unab l e t o m a k e these i n v e s t m e n t s . A s a r e su l t , 
i m p r o v e m e n t s i n h o u s e h o l d a n d n a t i o n a l f o o d s e c u r i t y r e m a i n l i m i t e d . 
T h e f o l l o w i n g analysis e x a m i n e s t h i s c o n u n d r u m . F a r m su rvey da ta f r o m 
s o u t h e r n Z i m b a b w e are u sed t o e x p l o r e t h e d i v e r s i t y o f f a r m responses t o 
d r o u g h t . T h e analysis h i g h l i g h t s t w o fac to rs e x p l a i n i n g t h e c o m m o n f a i l u r e t o 
a d o p t i m p r o v e d c r o p m a n a g e m e n t p rac t i ces i n s e m i - a r i d e n v i r o n m e n t s . I t also 
h i g h l i g h t s t h e n e e d f o r m o r e c rea t ive responses t o d r o u g h t . 
F i r s t , t h e e x t r e m e p o v e r t y o f m a n y househo lds s i m p l y l i m i t s t h e i r 
c a p a c i t y t o inves t i n n e w c r o p m a n a g e m e n t t echno log ie s . M a n y f a r m e r s l ack 
d r a f t an ima l s necessary t o p l o u g h a n d p l a n t o n t i m e . T h e l ack o f an ima l s also 
l i m i t s m a n u r e supp l ies . M o s t o f these f a m i l i e s l a ck cash f o r f e r t i l i z e r necessary 
t o ach ieve deepe r r o o t a n d s t ronger p l a n t g r o w t h . L a b o r cons t r a in t s l i m i t t h e 
l e v e l a n d t i m e l i n e s s o f w e e d i n g . S u c h resource cons t r a in t s c a n n o t b e r e s o l v e d 
w i t h a s i m p l e change o f v a r i e t y o r t h e occas ional d e l i v e r y o f f ree seed a n d 
f e r t i l i z e r i n a r e l i e f p r o g r a m . 
B u t n o t a l l r u r a l househo lds f a r m i n g i n s e m i - a r i d regions are e x t r e m e l y 
poor . M a n y have resources t o b u y f o o d w h e n d o m e s t i c p r o d u c t i o n falls sho r t . 
A p o r t i o n o f these resources c o u l d b e i n v e s t e d i n i m p r o v i n g c r o p m a n a g e m e n t 
t o increase t h e p r o b a b i l i t y o f a harves t i n t h e e v e n t o f d r o u g h t . H o w e v e r , m o s t 
o f these f a r m e r s choose n o t t o m a k e s u c h i n v e s t m e n t s . T h i s i s because t h e 
r e t u r n s t o t h e a l l o c a t i o n o f l i m i t e d f a r m l a b o r a n d c a p i t a l t o a l t e r n a t i v e f a r m 
a n d n o n - f a r m en te rp r i ses are genera l ly p e r c e i v e d h i g h e r t h a n t h e r e t u r n s t o 
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gra in p r o d u c t i o n ( R e a r d o n 1 9 9 7 ; B a r r e t t e t a l . 2 0 0 1 ) . These househo lds are 
m o r e l i k e l y t o p u r s u e a n o f f - f a r m j o b t h a n p l a n t a n e x t r a f i e l d . D r o u g h t r e l i e f 
i s t h e n sough t t h r o u g h f o o d purchases . 
I m p r o v e d d r o u g h t responsiveness i n s o u t h e r n A f r i c a r equ i re s r e c o g n i t i o n 
o f t h e v a r i a b i l i t y o f l i v e l i h o o d a n d c o p i n g strategies p u r s u e d b y r u r a l 
househo lds . E f f o r t s t o i m p r o v e f o o d p r o d u c t i o n capabi l i t i es n e e d t o b e 
c o m p l e m e n t e d w i t h e n h a n c e d o p p o r t u n i t i e s f o r n o n - a n d o f f - f a r m 
e m p l o y m e n t . I m p r o v e m e n t s i n t h e capac i ty t o purchase g ra in m a y b e m o r e 
va luab le t o m a n y h o u s e h o l d s t h a n e f fo r t s t o b u i l d m a r k e t s f o r t h e e x t r a c t i o n 
o f su rp lus p r o d u c t . Severe d r o u g h t w i l l s t i l l c rea te t h e n e e d f o r f o o d re l ie f . B u t 
t h i s needs t o b e w e l l t a r g e t e d t o a v o i d t h e d i s r u p t i o n o f r u r a l m a r k e t s . 
T h r e e issues m e r i t f u r t h e r i n v e s t i g a t i o n . F i r s t , e m p i r i c a l research i s 
n e e d e d t o assess t h e seve r i ty o f p o v e r t y t raps a n d t h e p rospec t s f o r escape. 
T h e v a r i a b i l i t y o f t h e r u r a l e c o n o m y , even i n p o o r e r s e m i - a r i d areas, suggests 
t h e p rospec t s m a y b e m o r e favorab le t h a n i s c o m m o n l y r ecogn ized ( B a r r e t t 
a n d C a r t e r 2 0 0 1 ; B a r r e t t e t a l . 2 0 0 2 ) . C o r r e s p o n d i n g l y , a d d i t i o n a l research 
needs t o cons ide r t h e e v o l u t i o n o f resource o w n e r s h i p a n d p a r t i c u l a r l y o f 
l i v e l i h o o d strategies. H o w d o c o m m u n i t i e s change f o l l o w i n g t h e i n t r o d u c t i o n 
o f a r o a d , a n e w cash c r o p o r an o p p o r t u n i t y f o r l abor m i g r a t i o n ? Final ly , m o r e 
e f f o r t s n e e d t o b e d i r e c t e d t o w a r d assessing i f f a r m a n d n o n - f a r m e c o n o m i e s 
can c o m p l e m e n t each o the r . B e t t e r - e n d o w e d househo lds are w e l l k n o w n t o 
p r o v i d e a p a r t i a l safety n e t o f seed a n d g ra in t o p o o r e r c o m m u n i t y m e m b e r s . 
R e m i t t a n c e s s u p p o r t c o n s t r u c t i o n w o r k , p e t t y t r a d e a n d t h e h i r i n g o f m o r e 
labor . T h e advantages o f these g r o w t h l inkages m e r i t b e t t e r e x p l o i t a t i o n . 
Zimbabwe's semi-arid areas 
T h r e e - q u a r t e r s o f Z i m b a b w e ' s s m a l l h o l d e r f a r m i n g areas are s e m i - a r i d w i t h 
annua l r a i n f a l l averaging less t h a n 7 5 0 m m a n d a h i g h p r o b a b i l i t y o f d r o u g h t 
(F igu re 1 ) . F ive d r o u g h t s have o c c u r r e d ove r t h e past 11 years. These i n c l u d e 
t h e 1 9 9 1 / 9 2 d r o u g h t i d e n t i f i e d a s t h e w o r s t i n 1 0 0 years. W i d e s p r e a d d r o u g h t 
also o c c u r r e d i n t h e 1 9 9 4 / 9 5 , 1 9 9 8 / 9 9 , 2 0 0 0 / 0 1 a n d 2 0 0 1 / 0 2 seasons. 
I C R I S A T r e c e n t l y c o n d u c t e d a n u m b e r o f f a r m surveys i n t h e s o u t h e r n 
h a l f o f t h e c o u n t r y . I n 1 9 9 8 / 9 9 , a t w o - p h a s e f a r m m a n a g e m e n t su rvey 
s a m p l e d f a r m househo lds i n t h e G w a n d a a n d Tsho lo t sho d i s t r i c t s . I n 2 0 0 1 , 
I C R I S A T c o m p l e t e d a r e - su rvey o f f a r m househo lds i n t h e S e m u k w e 
C o m m u n a l A r e a o f M a t o b o D i s t r i c t . These f ami l i e s h a d p r e v i o u s l y b e e n 
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Figure 1 . Z i m b a b w e : d is t r ibut ion o f rainfal l a n d recent survey areas. 
i n t e r v i e w e d i n a d e t a i l e d f a r m m a n a g e m e n t su rvey i n 1 9 8 8 a n d 1 9 8 9 . T h e n e w 
su rvey p r o v i d e s t h e o p p o r t u n i t y t o e x a m i n e changes i n h o u s e h o l d f a r m i n g 
p rac t i ces a n d l i v e l i h o o d strategies ove r a 12-year p e r i o d . D u r i n g t h e i n t e r i m 
p e r i o d , f a r m surveys have b e e n c o n d u c t e d i n t h e n e i g h b o r i n g c o m m u n i t i e s o f 
H w a n g e , L u p a n e , D a n d a n d a , K e z i , N a t a , S h u r u g w i , M t e t e n g w e , Buhera , 
M a t i b i 2 a n d M u t a m b a r a . 
T h i s analysis p r i m a r i l y h i g h l i g h t s da ta f r o m t h e 1 9 9 8 / 9 9 survey. T h i s 
e n c o m p a s s e d a r a n d o m sample o f 1 2 0 f a r m househo lds d r a w n f r o m six vi l lages 
i n T s h o l o t s h o C o m m u n a l A r e a , a n d a s i m i l a r s ized sample f r o m s ix vi l lages i n 
s o u t h e r n G w a n d a . T h e Tsho lo t sho vi l lages are s i t u a t e d a p p r o x i m a t e l y 1 2 0 k m 
w e s t o f t h e p r o v i n c i a l c ap i t a l c i t y o f B u l a w a y o . M o s t o f these vi l lages have 
g o o d access t o a t a r r e d r o a d l ead ing i n t o t h e c i ty . Ra in fa l l i n t h i s r e g i o n averages 
a r o u n d 5 0 0 t o 6 0 0 m m annual ly . Soi ls are genera l ly g r an i t i c sands w i t h pa tches 
o f Ve r t i so l s i n l o w e r l y i n g areas. T h e G w a n d a s ample lies o n a n a l l - w e a t h e r d i r t 
r o a d a p p r o x i m a t e l y 1 5 0 k m southeas t o f B u l a w a y o , a n d 5 0 k m f r o m t h e t o w n 
o f G w a n d a . Ra in fa l l he re averages a r o u n d 4 0 0 t o 4 5 0 m m annual ly , a n d soils 
are s i m i l a r l y sandy. T h e r u r a l p o p u l a t i o n dens i t ies i n b o t h regions are r e l a t i v e l y 
l o w averaging a r o u n d 15 -25 p e o p l e pe r square k i l o m e t e r . 
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A n n u a l r a i n f a l l i n s o u t h e r n Z i m b a b w e i s u n i m o d a l , genera l ly e x t e n d i n g 
f r o m la te O c t o b e r t o ear ly A p r i l . H o w e v e r , t h e t i m i n g o f t h i s r a i n f a l l i s h i g h l y 
va r i ab le . I n m a n y years, these rains e i t h e r s ta r t l a te o r e n d early. Farmers 
c o m m o n l y e n c o u n t e r a 15 to 25 day mid-season d r y spe l l b e t w e e n January and 
February. I n t h e la tes t 2 0 0 1 / 0 2 season, these regions e x p e r i e n c e d cons i s ten t 
rains f r o m la te O c t o b e r t o m i d - D e c e m b e r , b u t m o s t o f t h e s o u t h e r n h a l f o f 
t h e c o u n t r y e x p e r i e n c e d n o r a i n f a l l a f ter mid - January . S ince t h e m a j o r i t y o f 
f i e lds w e r e p l a n t e d a f te r m i d - D e c e m b e r , m a n y f a rmer s ha rves t ed l i t t l e o r 
n o t h i n g . 
T h o u g h Z i m b a b w e a s a w h o l e e x p e r i e n c e d d r o u g h t i n 1 9 9 8 / 9 9 , r a i n f a l l 
i n t h e Tsho lo t sho a n d G w a n d a survey regions was o n l y m a r g i n a l l y b e l o w 
average. T h e rains s t a r t ed la te , b u t t h e n f e l l c o n s i s t e n t l y across t h e season. 
Production and food insecurity 
M o s t f a r m househo lds i n s o u t h e r n Z i m b a b w e s t ruggle each year t o p r o d u c e 
e n o u g h f o o d t o m e e t f a m i l y r e q u i r e m e n t s . C e r e a l p r o d u c t i o n i s p r i o r i t i z e d , 
t h o u g h l e g u m e a n d vege tab le c rops are also s o w n to o b t a i n a v a r i e d d i e t 
(Table 1 ) . S u c h d i v e r s i f i c a t i o n also reduces t h e r isks o f d r o u g h t . 
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T a b l e 1 . A v e r a g e a r e a p l a n t e d ( h e c t a r e s p e r h o u s e h o l d ) t o a l t e r n a t i v e f i e ld c r o p s b y 
f a r m e r s i n G w a n d a a n d T s h o l o t s h o , 1 9 9 8 / 9 9 c r o p p i n g s e a s o n . 
Maize 
White sorghum 
Pearl millet 
Red sorghum 
Groundnut 
Bambara nut 
Cowpea 
Other 
All field crops 
Gwanda (n = 120) 
Area 
planted 
0.75 (0.79) 
1.40(1.43) 
0.31 (0.71) 
0.11 (0.35) 
0.20 (0.29) 
0.11 (0.13) 
0.09 (0.14) 
0.01 (0.06) 
2.98 (2.09) 
Percent of 
households 
growing 
92.5 
89.2 
37.5 
18.3 
77.5 
73.3 
70.8 
4.2 
100 
Tsholotsho (n 
Area 
planted 
1.43(1.29) 
0.29 (0.47) 
0 .67(1.13) 
0.07 (0.25) 
0.13 (0.30) 
0.09 (0.15) 
0.06 (0.11) 
0.05 (0.14) 
2.78 (2.02) 
= 120) 
Percent of 
households 
growing 
98.3 
50.8 
49.2 
12.5 
58.3 
55.0 
60.0 
7.5 
100 
Standard deviation in parentheses. 
Source: ICRISAT surveys 1999. 
T h e a l l o c a t i o n o f l a n d i s s i m i l a r i n t h e t w o m a i n su rvey areas o f G w a n d a 
a n d T s h o l o t s h o . A l l f a r m e r s also g r o w e i t h e r s o r g h u m o r p e a r l m i l l e t . T h e s e 
are essent ia l f o o d s e c u r i t y c rops o f f e r i n g a m i n i m u m g r a i n harves t i n t h e e v e n t 
o f d r o u g h t . Fa rmers inc reas ing ly c o m p l a i n a b o u t t h e p r e d a t i o n o f s o r g h u m 
a n d p e a r l m i l l e t b y b i r d s . T h i s p r o b l e m seems t o b e g r o w i n g a s c h i l d r e n g o t o 
s c h o o l a n d f a m i l y m e m b e r s m i g r a t e i n search o f o f f - f a r m e m p l o y m e n t . B u t 
t h e s eve r i t y o f b i r d p r e d a t i o n i s spa t ia l ly v a r i e d . 
D e s p i t e t h e l o w r a i n f a l l , v i r t u a l l y a l l househo lds also g r o w m a i z e . I f ra ins 
are f avorab le , t h i s c r o p w i l l p e r f o r m b e t t e r t h a n s o r g h u m o r m i l l e t . Perhaps 
m o r e i m p o r t a n t l y , m a i z e p r o v i d e s a n essential source o f ca lor ies ea r ly i n t h e 
ha rves t season, a s t h i s can be ha rves t ed a n d ea ten w h i l e s t i l l g reen . M a i z e i s 
also less p r o n e t o b i r d damage . 
A l l f a r m e r s also g r o w a t least one l e g u m e c r o p . M o s t g r o w sma l l e r f i e lds 
o f g r o u n d n u t a n d b a m b a r a n u t . B u t c o w p e a i s also c o m m o n l y g r o w n , o f t e n i n 
a l o w - d e n s i t y i n t e r c r o p w i t h ma ize . V a r i o u s t y p e s o f c u c u r b i t s p r o v i d e 
a d d i t i o n a l f o o d , even i n t h e d r i e s t years. T h e s e s i m i l a r l y t e n d t o b e 
i n t e r c r o p p e d a t l o w d e n s i t y w i t h t h e cerea l g r a in c rops . Vegetables , 
p a r t i c u l a r l y t o m a t o e s a n d rape, are c o m m o n l y g r o w n i n sma l l e r ga rden p l o t s . 
T h e levels o f p r o d u c t i o n d e r i v e d f r o m these p l o t s are h i g h l y va r i ab le . 
T h e average f a m i l y needs a harves t o f a p p r o x i m a t e l y o n e m e t r i c t o n o f cereal 
g r a i n t o m e e t i t s annua l f o o d r e q u i r e m e n t s . F o l l o w i n g t h e 1 9 9 8 / 9 9 c r o p p i n g 
season, p r o d u c t i o n levels averaged a b o u t one m e t r i c t o n i n t h e t w o survey 
areas. H o w e v e r , 6 1 % o f f a r m househo lds i n G w a n d a , a n d 6 7 % i n Tsho lo t sho , 
p r o d u c e d less t h a n t h i s . O n e - t h i r d o f t h e f a rmer s i n each area p r o d u c e d less 
t h a n 5 0 0 k g o f g ra in . 
A m a j o r reason f o r these l o w p r o d u c t i o n levels i s t h e l o w l eve l o f average 
gra in y ie lds . T h e 1 9 9 8 / 9 9 season was n o t a p a r t i c u l a r l y p o o r one. None the less , 
ma ize y ie lds averaged less t h a n 6 0 0 kg ha 1 i n each survey area (Table 2 ) . W h i t e 
s o r g h u m p e r f o r m e d m a r g i n a l l y b e t t e r t h a n ma ize i n Tsholo t sho a n d less w e l l i n 
G w a n d a . Pearl m i l l e t y i e lds averaged less t h a n 5 0 0 k g ha 1 . B u t these y ie lds w e r e 
also e x t r e m e l y var iable . A f e w fa rmers o b t a i n e d y ie lds of a r o u n d 1 t ha 1 , w h i l e 
t h e m a j o r i t y ach ieved less t h a n 5 0 0 k g ha 1 . I n c o m p a r i s o n , f a rmers i n 
Z i m b a b w e ' s h ighe r r a in fa l l zones (eg. those r ece iv ing m o r e t h a n 7 5 0 m m ) 
c o m m o n l y achieve average ma ize y ie lds of 1.3 to 1.5 t ha 1 . 
Fo r c o m p a r a t i v e purposes , f a r m e r s w e r e asked t o cha rac te r i ze t h e i r l e v e l 
o f p r o d u c t i o n s u f f i c i e n c y d u r i n g each o f t h e p r e v i o u s f i v e harvests . W h i l e 
p r o d u c t i o n levels v a r y across years , m o s t f a r m e r s c o m m o n l y e x p e r i e n c e f o o d 
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T a b l e 2 . M e a n g r a i n c r o p y i e l d s ( k g h a 1 ) i n T s h o l o t s h o a n d G w a n d a i n 1 9 9 9 . 
Gwanda 
Maize 595.7 (798.9) n=95 
White sorghum 464.3 (736.3) n=97 
Pearl millet 471.7 (719.7) n=41 
Standard deviation in parentheses. 
Source: ICRISAT surveys, 1999. 
Tsholotsho 
540.7 (687.0) n=105 
573.7 (880.9) n=56 
434.6 (611.1) n=51 
d e f i c i t s . O n e - q u a r t e r o f t h e r e sponden t s i n b o t h G w a n d a a n d Tsho lo t sho 
c l a i m e d t h e y f aced a g ra in p r o d u c t i o n d e f i c i t every year. Seven ty p e r c e n t o f 
these househo lds c l a i m e d t h e y e x p e r i e n c e d a g ra in p r o d u c t i o n d e f i c i t , r e l a t ive 
t o f a m i l y c o n s u m p t i o n r e q u i r e m e n t s , a t least t h r e e years o u t o f t h e past f i v e . 
N o n e o f t h e r e sponden t s cons i s t en t ly m e t t h e i r f o o d needs. These n u m b e r s 
c o i n c i d e w i t h t h e resul ts o f ear l ie r I C R I S A T surveys i n t h e s o u t h e r n h a l f o f t h e 
c o u n t r y ( R o h r b a c h 1 9 9 8 ) . 
T h u s , t h e c o m m o n p e r c e p t i o n o f f a rmers a s surp lus p r o d u c e r s i s 
i n c o r r e c t , a t least f o r m a n y re s id ing i n s o u t h e r n Z i m b a b w e . T h e m a j o r i t y o f 
these househo lds genera l ly f a i l t o m e e t t h e i r c o n s u m p t i o n r e q u i r e m e n t s f r o m 
t h e i r o w n p r o d u c t i o n . T h e y m u s t purchase a p o r t i o n o f t h e i r g ra in suppl ies . B y 
in fe rence , t h e l eve l o f h o u s e h o l d f o o d secu r i t y depends a s m u c h o n cash 
i ncomes , a n d t h e capac i ty t o purchase f o o d , a s on p r o d u c t i o n levels . 
Diversified cash incomes and livelihood strategies 
A l l f a r m househo lds i n Tsho lo t sho a n d G w a n d a earn cash i n c o m e f r o m 
m u l t i p l e sources (Table 3 ) . T h e m o s t c o m m o n sources are l i v e s t o c k sales a n d 
r e m i t t a n c e s . T h r e e - q u a r t e r s o f t h e f a rmers s a m p l e d earn cash i n c o m e f r o m 
these sources. In c o m p a r i s o n , o n l y 1 5 - 2 0 % of e r e sponden t s ea rned cash 
f r o m t h e sale o f g ra in o r l e g u m e c rops . 
T h e l e v e l o f cash earnings f r o m c r o p p r o d u c t i o n i s also s m a l l . These 
a c c o u n t f o r less t h a n 1 % o f cash earnings f o r t h e average h o u s e h o l d i n G w a n d a , 
a n d less t h a n 4 % o f average cash earnings i n Tsho lo t sho . 
W h i l e i n c o m e sources are h i g h l y d i v e r s i f i e d , t h e y are also subs tan t i a l ly 
s k e w e d . F i f t y p e r c e n t o f t h e f a r m househo lds i n t h e sample earned less t h a n 
Z $ 6 0 0 0 ( U S $ 1 6 7 ) i n cash i n c o m e i n 1 9 9 8 / 9 9 . O n e - t h i r d ea rned less t h a n Z $ 
3 2 0 0 ( U S $ 8 9 ) , t h e a m o u n t r e q u i r e d t o purchase 5 0 0 k g o f ma ize g ra in o n t h e 
l o c a l m a r k e t . T h e m a j o r i t y o f f a r m househo lds appear t o ea rn less t h a n U S $ 2 
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p e r day i n cash a n d k i n d i n c o m e . N o t o n l y are these f a r m e r s food - in secu re , 
t h e y are also severely i m p o v e r i s h e d . 
T h e v a r i a t i o n i n i n c o m e levels a n d sources h i g h l i g h t s t h e n e e d t o l o o k 
b e y o n d average s ta t i s t ics i n o r d e r t o cha rac te r i ze l i v e l i h o o d c o n d i t i o n s . T w o 
fac to r s appear o b v i o u s bases f o r t h e s t r a t i f i c a t i o n o f h o u s e h o l d i n c o m e s a n d 
w e a l t h . T h e s e c o r r e s p o n d w i t h t h e p u r s u i t o f a l t e r n a t i v e l i v e l i h o o d s trategies . 
F i r s t , t h e i m p o r t a n c e o f r e m i t t a n c e s i s m i r r o r e d i n t h e h i g h p r o p o r t i o n o f 
f e m a l e - h e a d e d h o u s e h o l d s i n t h e t w o f a r m i n g regions . I n G w a n d a , 4 6 % o f 
h o u s e h o l d s are f e m a l e - h e a d e d . I n Tsho lo t sho , w o m e n h e a d 5 8 % o f f a r m 
h o u s e h o l d s (Table 4 ) . M o s t o f these m i g r a n t s w o r k i n S o u t h A f r i c a . T r a v e l 
b e t w e e n s o u t h e r n Z i m b a b w e a n d S o u t h A f r i c a has inc reased f o l l o w i n g 
m a j o r i t y r u l e i n 1 9 9 4 . 
B u t n o t a l l o f these h o u s e h o l d s r e t a i n access t o a husband ' s r e m i t t a n c e s . 
I t i s i m p o r t a n t t o d i s t i n g u i s h d e f a c t o f e m a l e - h e a d e d househo lds , w h e r e i n t h e 
h u s b a n d c o n t r i b u t e s a c t i v e l y t o f a r m h o u s e h o l d i n c o m e a n d d e c i s i o n m a k i n g , 
f r o m d e j u r e f e m a l e - h e a d e d h o u s e h o l d s l e d b y s ingle , w i d o w e d o r d i v o r c e d 
w o m e n . D e f a c t o f e m a l e - h e a d e d h o u s e h o l d s t e n d t o b e cash r i c h , w h i l e d e j u r e 
f e m a l e - h e a d e d h o u s e h o l d s t e n d t o b e p o o r . 
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T a b l e 3 . M e a n leve l o f i n c o m e ( Z $ ) p e r h o u s e h o l d b y s o u r c e , 1 9 9 8 / 9 9 . 
Farm 
Crops 
Livestock 
Fruits and vegetables 
Non-farm 
Crafts 
Caterpillars 
Beer 
Construction 
Labor 
Off farm 
Salary 
Pension 
Remittances 
Total 
Gwanda (n = 109) Tsholotsho (n = 107) 
80 (299) 
5395 (12488) 
338 (870) 
861 (3673) 
165 (603) 
29 (160) 
268 (899) 
675 (3391) 
2870 (14274) 
1619 (7453) 
518 (1134) 
12818 (US$356) 
(n = 15) 
(n = 78) 
(n = 29) 
(n = 30) 
(n = 17) 
(n=5) 
( n - 1 5 ) 
(n = 22) 
(n = 20) 
(n = 6) 
(n = 48) 
460 
2645 
331 
1097 
23 
160 
232 
2513 
2006 
903 
(1634) (n = 21) 
(8668) (n = 45) 
(2354) (n=20) 
(6393) (n = 24) 
(96) (n= 10) 
(554) (n = 22) 
(972) (n = 17) 
(10596) (n = 24) 
(10192) (n =21) 
(3952) (n = 8) 
1025 (2288) (n = 55) 
11395 (US$317) 
Numbers in parentheses are standard deviations. 
Source: ICRISAT surveys 1999. 
Male or jointly 
headed 
G w a n d a ( n = 120) 54.2 
Tsholo tsho(n = 120) 42.5 
Source: ICRISAT surveys 1999. 
Female-headed 
(de facto) 
15.0 
34.2 
Female-headed 
(de jure) 
30.8 
23.3 
T a b l e 4 . P e r c e n t a g e d i s t r i b u t i o n o f m a l e a n d f e m a l e - h e a d e d h o u s e h o l d s i n G w a n d a 
a n d T s h o l o t s h o , 1 9 9 9 . 
I n G w a n d a , t w o - t h i r d s o f t h e f e m a l e - h e a d e d househo lds (o r 3 1 % o f a l l 
f a r m househo lds ) are l e d b y w o m e n a lone . I n Tsho lo t sho , 4 0 % o f f e m a l e -
h e a d e d househo lds are l e d b y single w o m e n . These d e j u r e f ema le -headed 
h o u s e h o l d s a c c o u n t f o r 2 3 % o f a l l f a r m househo lds i n t h e survey regions . 
A second i m p o r t a n t d e t e r m i n a n t o f h o u s e h o l d w e a l t h , a n d l i v e l i h o o d 
o p t i o n s i s t h e o w n e r s h i p o f c a t t l e . V i r t u a l l y a l l p l o w i n g i n s o u t h e r n Z i m b a b w e 
i s p e r f o r m e d w i t h c a t t l e o r d o n k e y s . B u t c a t t l e are p r e f e r r e d f o r t h e i r m u l t i p l e 
va lue a s sources o f t r a n s p o r t , m e a t a n d m i l k . H o u s e h o l d s w i t h c a t t l e are able 
t o p l a n t ea r l i e r o r o n a m o r e t i m e l y basis r e l a t i ve t o avai lable r a i n f a l l . T h e y 
have access t o m a n u r e a n d t h e y o w n a h i g h l y v a l u e d a n d t r a d a b l e c o m m o d i t y . 
Four l i v e l i h o o d g roups can b e i d e n t i f i e d o n t h e basis o f these p r o x y 
var iables f o r i n c o m e and w e a l t h . H o u s e h o l d s m a y p r i m a r i l y p u r s u e t h e i r 
i n c o m e o n t h e f a r m , o r o f f t h e f a r m . T h e gender s tatus o f t h e h e a d o f 
h o u s e h o l d of fers a p r o x y f o r t h i s i n v e s t m e n t dec i s i on . De f ac to f e m a l e - h e a d e d 
househo lds are a s sumed to have a m a l e head p u r s u i n g a p r i m a r y i n c o m e source 
e l s ewhere . T h e m a l e - h e a d e d househo lds (o r j o i n t l y h e a d e d b y h u s b a n d a n d 
w i f e ) a n d de j u r e f e m a l e - h e a d e d househo lds are a s sumed to p u r s u e a p r i m a r y 
i n c o m e source o n t h e f a r m . M a n y o f these f a r m o r i e n t e d househo lds also have 
access t o o f f - f a r m i n c o m e e a r n e d b y o t h e r f a m i l y m e m b e r s . B u t t h i s i s n o t 
a s s u m e d to p resen t a m a i n l i v e l i h o o d source . 
T h e s econd m a i n s t r a t i f i c a t i o n c r i t e r i o n i s based o n t h e o w n e r s h i p o f 
w h a t i s p r o b a b l y t h e s ingle m o s t i m p o r t a n t f a r m i n g asset, c a t t l e . H o u s e h o l d s 
o w n i n g c a t t l e are d i f f e r e n t i a t e d f r o m those w i t h o u t c a t t l e . W h i l e d r a u g h t 
p o w e r a n d t r a n s p o r t a t i o n m a y a l t e r n a t i v e l y b e o b t a i n e d f r o m d o n k e y s , 
o w n e r s h i p o f c a t t l e i s a p r e f e r r e d a n d m o r e va luab le a l t e r n a t i v e . C a t t l e are, 
c o r r e s p o n d i n g l y , a c o m m o n r e p r e s e n t a t i o n o f w e a l t h . Fa rmers o w n i n g m o r e 
c a t t l e are m o r e l i k e l y t o also o w n m o r e c o m p l e m e n t a r y f a r m assets. 
T h i s d i s t r i b u t i o n o f f a r m househo lds a c c o r d i n g t o t h i s d isaggregat ion o f 
asset o w n e r s h i p a n d l i v e l i h o o d focus i s p r e s e n t e d in Table 5 . Roughly , one -
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q u a r t e r o f f a r m h o u s e h o l d s i n t h e t w o su rvey reg ions f a l l w i t h i n each 
s t r a t i f i c a t i o n class. 
T h e G w a n d a a n d T s h o l o t s h o su rvey reg ions w e r e o r i g i n a l l y chosen f o r 
t h e i r d i f f e r ences i n r a i n f a l l . T s h o l o t s h o was also b e l i e v e d t o have b e t t e r m a r k e t 
access t h a n G w a n d a . H o w e v e r , t h e su rvey da ta revea l t h a t t h e d i f f e r ences 
b e t w e e n h o u s e h o l d s w i t h i n t h e t w o su rvey regions are grea te r t h a n t h e 
v a r i a t i o n across t h e t w o reg ions . R e c e n t research b y Jayne e t a l . ( 2 0 0 1 ) 
i nd i ca t e s t h i s i s a c o m m o n o c c u r r e n c e e v e n across d iverse agroeco log ica l 
zones. E a c h v i l l age w i l l have i t s w e a l t h i e r househo lds a n d p o o r e r househo lds . 
T h e v a r i a t i o n o f assets a n d i n c o m e s creates a va r iab le set o f l i v e l i h o o d 
o p p o r t u n i t i e s . B u t i t also creates a c o m p l i c a t e d set o f i n t e r d e p e n d e n c i e s 
w i t h i n t h e v i l l age e c o n o m y . T h e analysis b e l o w c o r r e s p o n d i n g l y c o m b i n e s t h e 
da t a f o r G w a n d a a n d Tsho lo t sho . 
Table 5. Percentage distribution of key population groups in Gwanda and Tsholotsho, 
1999. 
Gwanda (n = 120) 
Tsholotsho (n = 120) 
Male headed Male headed Female headed Female headed 
cattle owners without cattle (de facto) (de jure) 
34.2 20.0 15.0 30.8 
25.8 16.7 34.2 23.3 
Source: ICRISAT surveys 1999. 
Stratification and farm capital 
T h e s t r a t i f i c a t i o n o f f a r m h o u s e h o l d s b y g e n d e r a n d c a t t l e o w n e r s h i p 
h i g h l i g h t s t h e ex i s t ence o f t w o o b v i o u s i n c o m e classes (Table 6 ) . M a l e - h e a d e d 
h o u s e h o l d s w i t h c a t t l e a n d d e f a c t o f e m a l e - h e a d e d h o u s e h o l d s w i t h a 
s ign i f i can t f l o w o f o f f - f a r m earnings ea rn t h r e e t o f o u r t i m e s a s m u c h cash, 
t h a n h o u s e h o l d s w i t h o u t c a t t l e a n d w i t h o u t s ign i f i can t o f f - f a r m i n c o m e . T h e 
d i s t r i b u t i o n o f o w n e r s h i p o r access t o p h y s i c a l a n d social c a p i t a l (Table 7 ) 
c o r r e s p o n d s w i t h t h i s a l l o c a t i o n o f f i n a n c i a l c a p i t a l . 
M a l e - h e a d e d h o u s e h o l d s w i t h c a t t l e e a r n t h e largest share o f t h e i r cash 
i n c o m e f r o m l i v e s t o c k p r o d u c t i o n . T h e y also ea rn m o r e f r o m t h e sale o f f i e l d 
c rops t h a n t h e o t h e r h o u s e h o l d classes, t h o u g h t h e aggregate l e v e l o f earnings 
f r o m c r o p sales i s l o w . T h e s e t e n d t o b e o l d e r f a r m e r s w i t h m o r e a g r i c u l t u r a l 
e x p e r i e n c e . S o m e have p r e v i o u s l y w o r k e d o f f t h e f a r m a n d n o w ea rn 
pens ions . S o m e s t i l l e a r n salaries f r o m r u r a l , n o n - f a r m j o b s . B u t s ince t h e y l i v e 
1 2 
o n t h e f a r m , t h e y are m o r e l i k e l y t o se r ious ly p u r s u e a set o f a g r i c u l t u r a l 
i n v e s t m e n t s . D u e t o t h e i r w e a l t h a n d age p r o f i l e , t hese househo lds t e n d t o 
have t h e largest q u a n t i t i e s o f f a r m i n g assets i n c l u d i n g p loughs , w h e e l b a r r o w s 
a n d ox-ca r t s . T h e y are also m o r e l i k e l y t o see a n e x t e n s i o n agent t h a n f a r m e r s 
i n t h e o t h e r t h r e e l i v e l i h o o d classes. 
T h e s econd w e a l t h i e s t g r o u p i n g encompasses d e f a c t o , f ema le -headed 
h o u s e h o l d s w i t h access t o subs tan t i a l i n c o m e s f r o m b o t h salary a n d 
r e m i t t a n c e s . ( T h e l abor earnings o f some o f these househo lds also appear t o 
i n c l u d e o f f - f a r m i n c o m e . ) These are a m o n g t h e younges t househo lds i n t h e 
s ample , i n t e r m s o f b o t h t h e age o f t h e h o u s e h o l d head , a n d f a r m i n g 
e x p e r i e n c e . I n p a r t because t h e y are younger , t h e y are r e l a t i v e l y m o r e 
e d u c a t e d t h a n t h e i r ne ighbo r s . T h i s p r o b a b l y encourages t h e a m b i t i o n t o seek 
b e t t e r a n d s teadier i n c o m e s o f f t h e f a r m . 
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Table 6. Mean level of Income (Z$) by source and farming assets per household, 
1998/99. 
Farm 
Crops 
Livestock 
Fruits and vegetables 
Non-Farm 
Crafts 
Caterpillars 
Beer 
Construction 
Labor 
Off-Farm 
Salary 
Pension 
Remittances 
Total Z$ 
Total US$ conversion 
Male-headed 
cattle owners 
n = 67 
547 (1778) 
8377(15068) 
139 (542) 
1340 (4916) 
48 (169) 
151 (584) 
166 (846) 
75 (327) 
2558 (7955) 
3416 (9910) 
528 (1345) 
17345(31445) 
482 
Male-headed 
without cattle 
n = 42 
120 (421) 
1432 (4864) 
212 (808) 
453 (2777) 
166 (770) 
28 (131) 
779 (1592) 
472 (903) 
1300 (5238) 
386 (2500) 
156 (264) 
5967 (8255) 
153 
Female-headed 
(de facto) 
n = 50 
258 (1187) 
3444 (5222) 
659 (3426) 
586 (1948) 
18 (80) 
60 (162) 
71 (272) 
5190(15253)' 
6176 (15191) 
300 (2121) 
1580 (3018) 
18342 (23776) 
510 
Female-headed 
(de jure) 
n= 51 
42(116.0) 
993 (2227) 
372 (714) 
1323 (8397) 
171 (497) 
109 (458) 
100 (504) 
988 (3843) 
133 (845) 
94 (470) 
806 (1190) 
5131 (9071) 
143 
*Appears to include some salary/remittance income. 
Numbers in parentheses are standard deviations. 
Source: ICRISAT surveys 1999. 
K e y ques t ions arise a b o u t t h e i n v e s t m e n t o r i e n t a t i o n o f these 
househo lds . W i l l t h e y inves t i n c r o p a n d l i v e s t o c k p r o d u c t i o n , o r w i l l t h e y 
e v e n t u a l l y a i m t o m i g r a t e e n t i r e l y o f f t h e f a r m . W h i l e m o s t o f these 
h o u s e h o l d s m a i n t a i n a basic c o n f i g u r a t i o n o f f a r m assets (e .g. p l o w , a f e w 
c a t t l e , w h e e l b a r r o w ) , t h e y appear t o b e i n v e s t i n g t h e larger share o f t h e i r cash 
e a r n i n g i n n o n - a g r i c u l t u r a l assets a n d a c t i v i t i e s . 
T h e t h i r d l i v e l i h o o d class encompasses m a l e - h e a d e d h o u s e h o l d s w i t h o u t 
c a t t l e . T h e s e appear t o b e subs t an t i a l l y p o o r e r t h a n t h o s e w i t h an ima l s . T h e 
cash earnings o f these h o u s e h o l d s are e x t r e m e l y l i m i t e d . T h o u g h earnings 
f r o m l i v e s t o c k sales are m o r e i m p o r t a n t t h a n f r o m t h e sale o f c rops , these 
h o u s e h o l d s are m o r e l i k e l y t o t u r n t o t h e l o c a l n o n - f a r m e c o n o m y t o ea rn 
s u p p l e m e n t a r y i n c o m e f r o m craf t s , c o n s t r u c t i o n , t h e c o l l e c t i o n a n d sale o f 
c a t e r p i l l a r s a n d l a b o r sales. 
T h e e x t r e m e p o v e r t y o f these h o u s e h o l d s i s also a p p a r e n t i n o w n e r s h i p 
p a t t e r n s f o r l i v e s t o c k a n d f a r m i n g assets. O n average, these f a r m e r s o w n 
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T a b l e 7 . M e a n f a r m i n g e x p e r i e n c e a n d f a r m i n g a s s e t s p e r h o u s e h o l d , 1 9 9 8 / 9 9 . 
Years farming 
Number of livestock 
Cattle 
Donkeys 
Goats 
Sheep 
Chickens 
Number of implements 
Plough 
Wheelbarrow 
Ox-cart 
Truck/car 
Years schooling of head 
No. of extension visits 
Crops advice 
Livestock advice 
Male-headed 
cattle owners 
( n - 7 2 ) 
20.7(16.6) 
12.4(11.9) 
4.4 (3.6) 
23.1 (25.3) 
3.3 (6.9) 
11.8 (8.3) 
1.4 (0.8) 
0.9 (0.5) 
0.9 (0.6) 
0.1 (0.3) 
5.4 (3.0) 
1.0 (2.4) 
1.1 (2.5) 
Male-headed 
without cattle 
(n = 59) 
15.7(14.4) 
0.0 (0.0) 
1.7 (2.6) 
8.0 (9.8) 
0.4 (1.5) 
7.3 (6.4) 
0.6 (0.6) 
0.3 (0.5) 
0.2 (0.4) 
0.0 (0.0) 
4.9 (3.1) 
0.4 (1.3) 
0.3 (0.8) 
Female-headed 
(de facto) 
(n=44) 
10.8 (8.7) 
3.4 (7.0) 
1.8 (2.7) 
9.6(11.4) 
1.1 (3.1) 
8.2 (6.0) 
0.9 (1.1) 
0.6 (0.5) 
0.5 (0.6) 
0.1 (0.4) 
6.7 (3.2) 
0.4 (0.8) 
0.2 (0.6) 
Female-headed 
(de jure) 
(n=65) 
19.5(16.7) 
3.6 (8.4) 
2.1 (3.1) 
14.7(30.1) 
0.7 (2.0) 
8.0 (7.0) 
0.7 (0.6) 
0.6 (0.6) 
0.3 (0.5) 
0.0 (0.0) 
4.3 (3.5) 
0.6 (1.8) 
0.3 (1.6) 
Numbers in parentheses ace standard deviations. 
Source: ICRISAT surveys 1999. 
f e w e r d o n k e y s , goats, c h i c k e n a n d sheep t h a n t h e househo lds i n any o t h e r 
l i v e l i h o o d class. T h e y also o w n f e w e r f a r m i n g i m p l e m e n t s . H o w e v e r , t h e 
j u s t i f i c a t i o n f o r t h i s p o v e r t y i s n o t r e a d i l y appa ren t . T h e y t e n d t o b e y o u n g e r 
a n d less e d u c a t e d t h a n m a n y o f t h e i r ne ighbors . B u t a m o r e d e t a i l e d 
i n v e s t i g a t i o n w o u l d be necessary to assess w h e t h e r t h i s i s a t r a n s i t o r y o r 
p e r m a n e n t l i v e l i h o o d p o s i t i o n o r p o v e r t y t r a p . 
A v a i l a b l e ev idence suggests t h a t de jure f e m a l e - h e a d e d f a r m househo lds 
are also e x t r e m e l y poor . These t e n d t o b e h e a d e d b y a n o l d e r w o m a n w h o s e 
h u s b a n d has d i e d o r a b a n d o n e d t h e f a m i l y . I n s o m e cases a m i n i m u m set o f 
f a r m i n g assets appear t o have b e e n b u i l t u p b e f o r e t h e h u s b a n d d e p a r t e d . I n 
o the r s , these assets appear t o have b e e n b u i l t t h r o u g h h a r d f a r m w o r k a n d 
savings. These earnings are s u p p l e m e n t e d , i n m a n y cases, by t h e r e m i t t a n c e s 
o b t a i n e d f r o m a son o r d a u g h t e r w o r k i n g away. H o w e v e r , t h e h i g h cos t o f 
l i v i n g i n u r b a n areas i s r e d u c i n g t h e ava i l ab i l i t y o f t h i s i n c o m e . 
These f a r m e r s are m o r e l i k e l y t h a n m a n y o f t h e i r ne ighbors t o p u r s u e 
i n c o m e f r o m craf ts , ca t e rp i l l a r s a n d l abor sales. G o a t s a n d ch i ckens p r o v i d e 
p a r t i c u l a r l y i m p o r t a n t sources o f i n c o m e secur i ty . 
Cropping strategies 
D e s p i t e r a i n f a l l cons t r a in t s , m o s t househo lds i n Tsho lo t sho a n d G w a n d a s t i l l 
a t t e m p t t o p r o d u c e e n o u g h gra in t o m e e t f a m i l y c o n s u m p t i o n r e q u i r e m e n t s . 
B u t c r o p p i n g i n v e s t m e n t s are t o o l i m i t e d t o p r o d u c e a su rp lus . A m o n g p o o r e r 
househo lds ( t h e m a l e - h e a d e d househo lds w i t h no ca t t l e , a n d de jure f e m a l e -
h e a d e d househo lds ) c r o p m a n a g e m e n t i s s i m p l y c o n s t r a i n e d b y t h e l o w l e v e l 
o f f a r m assets. W e a l t h i e r househo lds , i n con t r a s t , have a d o p t e d a n e x p l i c i t 
d ec i s i on t o p u r s u e a n e x t e n s i v e p r o d u c t i o n strategy. C r o p p r o d u c t i o n i s 
p u r s u e d f o r subsis tence purposes , w h i l e a d d i t i o n a l l a b o r a n d cash are i n v e s t e d 
i n l i v e s t o c k a n d n o n - o r o f f - f a r m e m p l o y m e n t . I n e i t h e r case, t h e p rospec t s f o r 
i m p r o v i n g c r o p y i e ld s are l i m i t e d . 
T h e f a r m s t r a t i f i c a t i o n classes t h a t have b e e n f a r m i n g t h e longes t t e n d t o 
have m o r e l a n d avai lable t h a n t h e y o u n g e r househo lds . B u t t h e m o r e 
s ign i f i can t d i f f e r ences i n f a r m i n v e s t m e n t p a t t e r n s are a p p a r e n t i n t h e 
p r o p o r t i o n o f l a n d b e i n g p l a n t e d . 
T h e m a l e - h e a d e d househo lds w i t h c a t t l e p l a n t t h e largest area t o b o t h 
grains a n d l egumes (Table 8 ) . De jure f e m a l e - h e a d e d househo lds o w n a s i m i l a r 
arable area, b u t o n l y p l a n t o n e - h a l f a s m u c h l a n d . T h i s i s p a r t l y t h e r e s u l t o f a 
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d r a u g h t p o w e r c o n s t r a i n t , a n d p a r t l y because o f a l a b o r c o n s t r a i n t . M o s t o f 
these f e m a l e - h e a d e d h o u s e h o l d s have o n l y one o r t w o c a t t l e . T h e s e t e n d t o b e 
t o o w e a k t o p l o u g h a s i gn i f i c an t area a t t h e s t a r t o f t h e p r o d u c t i o n season. 
T h e ac t i ve r e n t a l m a r k e t f o r p l o w i n g services i s e v i d e n t i n t h e f ac t t h a t 
m a l e - h e a d e d h o u s e h o l d s w i t h o u t c a t t l e are able t o p l a n t a s m u c h l a n d a s 
f e m a l e - h e a d e d h o u s e h o l d s o r m o r e . S i m i l a r l y , d e f a c t o f e m a l e - h e a d e d 
h o u s e h o l d s w i t h s i gn i f i c an t cash i n c o m e s can r e a d i l y h i r e d r a u g h t assistance, 
a n d t h u s p l a n t m o r e l a n d t h a n d e j u r e f e m a l e - h e a d e d househo lds . W h e n 
services are h i r e d , h o w e v e r , p l a n t i n g i s less l i k e l y t o b e p e r f o r m e d o n t i m e 
r e l a t i v e t o t h e ra ins . C r o p s are s o w n l a t e r i n t h e p l a n t i n g season, a n d o f t e n 
l a t e r a f t e r any p a r t i c u l a r r a i n f a l l . 
D e s p i t e t h e d i f f e r ences i n area p l a n t e d , a n d t h e t i m e l i n e s s o f p l a n t i n g , 
t h e r e appears t o b e n o s ign i f i can t d i f f e r e n c e i n t h e c h o i c e o f c rops across these 
f a r m classes. A l l f a r m e r s a l loca te 8 5 % t o 9 0 % o f t h e i r c r o p p e d area t o cerea l 
gra ins . 
W e d i d n o t assess t h e q u a l i t y o f l a n d c r o p p e d b y t h e va r ious househo lds . 
B u t i t i s c o m m o n l y suggested t h a t o l d e r h o u s e h o l d s have access t o b e t t e r 
l a n d - m e a s u r e d i n t e r m s o f so i l t y p e , p r o x i m i t y o f f i e lds t o t h e h o m e s t e a d 
a n d p r o x i m i t y t o a r o a d . Y o u n g e r h o u s e h o l d s t e n d t o b e l o c a t e d i n o u t l y i n g 
areas o f a v i l l age . S o m e f a r m e r s nego t i a t e t h e a l l o c a t i o n o f d i f f e r e n t t y p e s o f 
f i e lds , f o r e x a m p l e t hose w i t h heav ie r a n d l i g h t e r soils, i n o r d e r t o d i v e r s i f y 
t h e i r c r o p p i n g a n d f a r m i n g r i s k s . B u t o t h e r s p lace p r i m a r y p r i o r i t y o n t h e 
access ib i l i t y o f t h e i r l ands o r p r o x i m i t y t o a r o a d . 
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Table 8. Distribution of area (ha) planted and left fallow across four livelihood groups 
in Gwanda and Tsholotsho, 1999. 
Total arable area 
Cropped 
Grains 
Legumes 
Fallow 
Male-headed 
cattle owners 
(n=72) 
5.84 
3.61 (1.9) 
0.50 (0.6) 
1.73 (3.4) 
Male-headed 
without cattle 
(n = 44) 
4.72 
2.32 (1.7) 
0.29 (0.4) 
2.11 (7.3) 
Female-headed 
(de facto) 
(n = 59) 
4.71 
2.14 (1.5) 
0.25 (0.3) 
2.32 (5.1) 
Female-headed 
(de jure) 
(n = 65) 
5.88 
1.80 (1.5) 
0.27 (0.3) 
3.81 (10.2) 
Numbers in parentheses are standard deviations. 
Source: ICRISAT surveys 1999. 
Fanners t h r o u g h o u t Z i m b a b w e have b e e n re l a t ive ly q u i c k t o a d o p t 
m o d e r n seed var ie t ies . These are v i e w e d a s r e l a t ive ly l o w cost means to raise 
y i e lds . T h e a d o p t i o n o f h y b r i d ma ize was b r o a d l y p r o m o t e d i n t h e years a r o u n d 
i n d e p e n d e n c e i n 1 9 8 0 . M o r e t h a n 9 5 % o f Z i m b a b w e ' s ma ize area was p l a n t e d 
t o h y b r i d s b y 1995 ( R o h r b a c h 1 9 8 9 ) . E v e n fa rmers i n d r o u g h t p r o n e regions 
sough t t o t a k e advantage o f t h e p r o d u c t i v i t y gains d e r i v e d f r o m ear ly m a t u r i n g 
h y b r i d s . B u t i n r ecen t years, a d o p t i o n rates f o r h y b r i d ma ize have begun t o lag. 
T h e cos t o f h y b r i d seed has b e e n r i s ing re la t ive t o t h e va lue o f t h e g ra in p r o d u c t . 
T h i s cost i s also p r o b a b l y r i s ing r e l a t ive t o f a r m h o u s e h o l d i ncomes . T h e survey 
da ta c o r r e s p o n d i n g l y reveal t h a t households w i t h larger cash resources are m o r e 
l i k e l y t o b e p l a n t i n g h y b r i d ma ize seed (Table 9 ) . H o u s e h o l d s w i t h cash 
cons t ra in t s are m o r e l i k e l y t o b e p l a n t i n g o p e n p o l l i n a t e d var ie t ies or, c o m m o n l y , 
seed d r a w n f r o m a p rev ious h y b r i d ma ize c r o p . M a l e - h e a d e d househo lds are also 
m o r e l i k e l y t o p l a n t i m p r o v e d var ie t ies o f s o r g h u m , t h o u g h t h i s gender 
d i s t i n c t i o n i s n o t apparen t i n t h e case o f pea r l m i l l e t . 
T h e m a i n c o n t r i b u t i o n o f t h e n e w var ie t i e s o f a l l ce rea l grains i s t h e i r 
ea r ly m a t u r i t y . T h i s increases t h e p r o b a b i l i t y o f a harves t , p a r t i c u l a r l y f o r a 
l a t e - p l a n t e d c r o p . 
T h e n e w var ie t i es o f ma ize , s o r g h u m a n d p e a r l m i l l e t are also m o r e 
respons ive t o i m p r o v e d c r o p m a n a g e m e n t . H o w e v e r , t h e c o m b i n a t i o n o f 
c a p i t a l cons t r a in t s a n d a p p a r e n t l y u n c o m p e t i t i v e i n v e s t m e n t r e t u r n s has 
severe ly l i m i t e d i n v e s t m e n t s i n b o t h c h e m i c a l f e r t i l i z e r a n d m a n u r e . 
A p p r o x i m a t e l y 2 0 % o f t h e f a r m e r s i n G w a n d a a n d 5 0 % o f t h e f a r m e r s i n 
T s h o l o t s h o have e x p e r i e n c e u s i n g c h e m i c a l f e r t i l i z e r . I n a l m o s t eve ry case t h i s 
has b e e n d e r i v e d f r o m t h e f ree r e c e i p t o f t h i s i n p u t i n past d r o u g h t r e l i e f 
p r o g r a m s . 
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Table 9. Percentage proportion of households planting improved varieties of 
alternative grain crops across four livelihood groups in Gwanda and Tsholotsho, 
1999. 
Hybrid maize 
Improved sorghum 
Pearl millet 
Male-headed 
cattle owners 
( n - 7 2 ) 
94.4 
45.8 
33.3 
Male-headed 
without cattle 
( n - 4 4 ) 
79.5 
36.4 
29.5 
Female-headed 
(de facto) 
(n . 59) 
93.2 
30.5 
32.2 
Female-headed 
(de jure) 
(n = 65) 
76.9 
26.2 
29.2 
Source: ICRISAT surveys 1999. 
V i r t u a l l y none o f these fa rmers cons is tent ly app ly c h e m i c a l fer t i l izer . I n 
1 9 9 8 / 9 9 , less t h a n 3% of t h e sample farmers used basal c h e m i c a l fe r t i l i ze r a n d less 
t h a n 4% used any t o p dress f e r t i l i ze r (Table 10 ) . M o r e significantly, o n l y one 
f a r m e r b o u g h t c h e m i c a l fer t i l izer . A l l o t h e r users r ece ived t h i s i n p u t free, e i the r 
f rom loca l d e v e l o p m e n t p rograms o r f rom a re la t ive l i v i n g o f f t h e f a r m . T h i s 
f e r t i l i ze r was m o r e l i k e l y t o b e a l loca ted t o vegetable p lo t s t h a n t o f i e l d crops. 
T h e e x t e n s i v e cha rac t e r o f t h e p r o d u c t i o n s y s t e m i s s i m i l a r l y appa ren t i n 
t h e l i m i t e d use o f a n i m a l m a n u r e . T h o u g h v i r t u a l l y a l l f a r m h o u s e h o l d s o w n 
an ima l s , less t h a n 2 5 % use a n i m a l m a n u r e o n t h e i r f i e l d c rops . Fa rmers w i t h 
m o r e an ima l s are a l i t t l e m o r e l i k e l y t o use m a n u r e , b u t t h e a v a i l a b i l i t y o f t h i s 
i n p u t h a r d l y assures i t s a p p l i c a t i o n . M o r e t h a n 6 0 % o f c a t t l e o w n e r s m a k e n o 
use o f t h e m a n u r e avai lable f r o m these an ima l s . T h e use o f avai lable goat 
m a n u r e i s o n l y m a r g i n a l l y m o r e c o m m o n . 
Fa rmer s c i t e va r i ous j u s t i f i c a t i o n s f o r f a i l i n g t o use t h i s n o m i n a l l y f ree 
i n p u t . S o m e c l a i m t h e y are u n s u r e o f t h e va lue o f m a n u r e a n d are a f r a id i t m a y 
b u r n t h e i r c rops . S o m e c l a i m t h e y d o n o t have a n o x - c a r t t o t r a n s p o r t t h e 
m a n u r e . O t h e r s argue t h e y d o n o t have t h e l a b o r t o d i g o u t t h e m a n u r e a n d 
sp r ead t h i s o n t h e i r f i e ld s . Yet m o s t o f these excuses s t a n d i n sharp c o n t r a s t t o 
t h e c o m m o n use o f m a n u r e i n h i g h e r r a i n f a l l pa r t s o f t h e c o u n t r y ( M u g w i r a 
a n d M u r w i r a 1 9 9 7 ) . U l t i m a t e l y , these j u s t i f i c a t i o n s suggest t h e p e r c e p t i o n 
t h a t t h e r e t u r n s t o m a n u r e use are t o o l o w t o j u s t i f y t h e a l l o c a t i o n o f l i m i t e d 
c a p i t a l a n d l a b o r t o i t s a p p l i c a t i o n . 
S u c h c r o p m a n a g e m e n t s trategies appear l og i ca l i n such a r i s k y 
a g r i c u l t u r a l e n v i r o n m e n t . B u t t h e y c o n t r a d i c t t h e adv ice o f e x t e n s i o n w o r k e r s . 
L o c a l e x t e n s i o n r e c o m m e n d a t i o n s ca l l f o r t h e a p p l i c a t i o n o f a t least 1 0 0 k g o f 
n i t r o g e n t o each h e c t a r e o f ma ize g r o w n i n s e m i - a r i d regions . T h i s 
r e c o m m e n d a t i o n i s essent ia l ly i r r e l e v a n t t o t h e 9 5 % o f f a r m e r s w h o f a i l t o 
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T a b l e 1 0 . P e r c e n t a g e p r o p o r t i o n o f h o u s e h o l d s u s i n g c h e m i c a l f e r t i l i z e r o r m a n u r e o n 
t h e i r f i e l d c r o p s a c r o s s f o u r l i v e l i h o o d g r o u p s i n G w a n d a a n d T s h o l o t s h o , 1 9 9 9 . 
Basa l fert i l izer 
Top d ress fert i l izer 
M a n u r e 
M a l e - h e a d e d 
cat t le o w n e r s 
(n = 72) 
5.6 
4 .2 
3 0 . 6 
M a l e - h e a d e d 
wi thout cat t le 
( n - 4 4 ) 
0.0 
2.3 
6.8 
F e m a l e - h e a d e d F e m a l e - h e a d e d 
(de facto) (de jure) 
(n = 59) (n = 65) 
3.4 1.5 
5.2 4 .6 
17.2 18.5 
Source: ICRISAT surveys 1999. 
a p p l y c h e m i c a l f e r t i l i z e r i n p u t s . T h o s e f e w w h o d o a p p l y c h e m i c a l f e r t i l i z e r 
are u s i n g less t h a n o n e - q u a r t e r o f t h e r e c o m m e n d e d levels . E x t e n s i o n w o r k e r s 
have r e s p o n d e d b y adv i s ing f a r m e r s s i m p l y t o a p p l y w h a t c h e m i c a l f e r t i l i z e r 
t h e y can . B u t t h e va lue o f t h i s adv ice i s o b v i o u s l y l i m i t e d . 
E x t e n s i o n w o r k e r s s i m i l a r l y advise these f a r m e r s t o use 1 5 t o 3 0 m e t r i c 
t o n o f m a n u r e t o each hec t a r e o f g r a in c rops . Y e t f e w e r t h a n 1 0 % o f these 
househo lds have e n o u g h an ima l s t o o b t a i n t h i s m u c h m a n u r e , m u c h less a p p l y 
i t . A m o n g t h e a p p r o x i m a t e l y 1 5 % o f f a r m e r s a p p l y i n g m a n u r e t o ma ize , 
average a p p l i c a t i o n rates are less t h a n t w o m e t r i c t o n p e r hec t a re . I n e f f ec t , t h e 
o f f i c i a l r e c o m m e n d a t i o n f o r m a n u r e i s s i m i l a r l y i r r e l e v a n t . 
I C R I S A T has b e e n w o r k i n g w i t h p a r t n e r s i n t h e n a t i o n a l research a n d 
e x t e n s i o n service t o encourage f a r m e r s t o e x p e r i m e n t w i t h s m a l l e r doses o f 
c h e m i c a l f e r t i l i z e r a n d m a n u r e . These o f f e r subs t an t i a l ly h i g h e r r e t u r n s p e r 
u n i t o f i n v e s t m e n t , c o m p a r e d w i t h o f f i c i a l r e c o m m e n d a t i o n s . T h e y also 
p r o m i s e l o w e r r i sks . Ye t e v e n these r e t u r n s m a y n o t b e h i g h e n o u g h t o j u s t i f y 
t h e r e a l l o c a t i o n o f scarce c a p i t a l t o w a r d c r o p p r o d u c t i o n . 
A m a i n d i f f e r ence b e t w e e n w e a l t h i e r a n d p o o r e r househo lds appears i n t h e 
a l l oca t ion o f labor to c r o p p r o d u c t i o n . De jure f ema le -headed households , in 
par t icu la r , a l locate m o r e l abor pe r u n i t o f area p l a n t e d t o f i e l d c rops (Table 11 ) . 
T h e fa rmers w i t h t h e m o s t f a m i l y labor available, t h e m a l e - h e a d e d househo lds 
o w n i n g ca t t l e , a p p l y t h e smal les t a m o u n t o f l abor pe r u n i t o f area p l a n t e d . W h i l e 
v i r t u a l l y a l l households w e e d t h e i r ma ize c r o p once , t h e t w o groups o f p o o r e r 
househo lds are m o r e l i k e l y to app ly a second w e e d i n g . 
Table 11. Mean labor allocation to crop production across four livelihood groups in 
Gwanda and Tsholotsho, 1999. 
Full time farm labor 
(person years) 
Labor per ha 
(person years) 
Weeding of maize plots 
twice (% of households) 
Source: ICRISAT surveys 1999 
Male-headed 
cattle owners 
( n - 7 2 ) 
4.1 
1.0 
30.6 
Male-headed Female-headed Female-headed 
without cattle (de facto) (de jure) 
(n = 44) (n = 59) (n = 65) 
3.1 2.9 3.7 
1.2 1.2 1.8 
47.7 39.7 50.8 
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O v e r a l l , w e see a p i c t u r e o f a n ex tens ive p r o d u c t i o n s y s t e m w h e r e i n f o o d 
s ecu r i t y i s sought f r o m e x p a n d i n g t h e c r o p p e d area, a n d poss ib ly t h e c h o i c e o f 
a new, ear ly m a t u r i n g var ie ty , r a t h e r t h a n t h e i n t e n s i f i c a t i o n o f c r o p 
m a n a g e m e n t . O n l y p o o r e r househo lds p l a n t i n g a sma l l e r c r o p area s eem t o 
manage t h e i r p l o t s a l i t t l e m o r e in tens ive ly . B u t t h e advantages o f a n a d d i t i o n a l 
w e e d i n g are o f f se t b y la te p l a n t i n g caused b y d r a u g h t p o w e r cons t r a in t s . 
T h e i m p a c t o f these i n v e s t m e n t dec is ions i s e v i d e n t i n t h e l o w l eve l o f 
average g ra in y i e lds . F e w f a rmer s achieve cerea l g r a i n y i e ld s ove r one m e t r i c 
t o n p e r hec ta re . M o s t achieve subs t an t i a l ly less (Table 1 2 ) . T h e m a l e - h e a d e d 
househo lds seem t o d o b e t t e r w i t h ma ize , w h i l e t h e f e m a l e - h e a d e d 
househo lds achieve h i g h e r average y i e ld s w i t h s o r g h u m o r p e a r l m i l l e t . B u t 
these d i f fe rences are n o t s t a t i s t i ca l ly s ign i f i can t across t h e h o u s e h o l d classes. 
Y i e l d v a r i a b i l i t y i s h i g h . 
I n e f fec t , p o o r e r househo lds m o s t i n n e e d o f t h e a d d i t i o n a l g ra in harves t 
are also least able t o inves t i n i n p u t s necessary f o r i m p r o v e d c r o p m a n a g e m e n t . 
W e a l t h i e r househo lds appear t o have chosen n o t t o m a k e these i n v e s t m e n t s . 
I n e i t h e r case, subsis tence f o o d p r o d u c t i o n levels are d e f i c i e n t . F o o d s e c u r i t y 
can o n l y b e assured w i t h g ra in purchases . 
Crop enterprise investments and the market 
I n r e c e n t years, I C R I S A T has sough t t o encourage m o r e i n v e s t m e n t i n d r o u g h t 
t o l e r a n t c rops l i k e s o r g h u m a n d p e a r l m i l l e t b y p r o m o t i n g t h e d e v e l o p m e n t o f 
m a r k e t d e m a n d f o r these c rops . I C R I S A T has e n c o u r a g e d t r ade r s a n d g ra in 
processors t o purchase g ra in i n areas l i k e Tsho lo t sho a n d G w a n d a t o h e l p 
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Table 12. Distribution of grain yields (kg ha-1) across four livelihood groups in 
Gwanda and Tsholotsho, 1999. 
Maize 
White sorghum 
Pearl millet 
Male-headed 
cattle owners 
( n -72 ) 
626.3 (731.1) 
412.3 (507.9) 
466.5 (581.0) 
Male-headed 
without cattle 
(n = 44) 
748.6(1016.4) 
351.6 (371.2) 
477.7 (857.1) 
Female-headed 
(de facto) 
(n = 59) 
500.4 (633.5) 
610.6 (894.6) 
750.0(1902.4) 
Female-headed 
(de jure) 
(n=65) 
408.7 (549.4) 
668.2(1092.8) 
519.5 (977.2) 
Numbers in parentheses are standard deviations. 
Source: ICRISAT surveys 1999. 
i m p r o v e r e t u r n s t o i n v e s t m e n t s i n t h e p r o d u c t i o n o f these c rops . T h i s i n c l u d e s 
e x p e r i m e n t a t i o n w i t h g ra in c o n t r a c t i n g . 
H o w e v e r , t h e c o m b i n a t i o n o f l o w y i e ld s a n d t h e h i g h p r o b a b i l i t y o f 
d r o u g h t u n d e r m i n e e f f o r t s t o d e v e l o p t h i s p r o d u c t m a r k e t . G r a i n surpluses 
are l i m i t e d a n d va r i ab le . T h e y m a y b e available f o l l o w i n g a season o r t w o o f 
favorable r a i n f a l l , a n d t h e n disappear. M a r k e t i n g costs are h i g h because o f l o w 
p o p u l a t i o n dens i t i es a n d t h e l o w d e n s i t y o f m a r k e t a b l e p r o d u c t . L o c a l g ra in 
shortages b i d u p loca l p r i ces t o u n c o m p e t i t i v e levels . O n e m i l l e r adve r t i s ed a 
w i l l i ngnes s t o purchase 5 0 0 m e t r i c tones o f w h i t e s o r g h u m gra in , a n d r ece ived 
less t h a n 20 m e t r i c t ons . A seed c o m p a n y has o f f e r e d a p r e m i u m p r i c e 
c o n t r a c t f o r 1 5 0 t o 3 0 0 m e t r i c t ons o f pea r l m i l l e t a n d c o w p e a seed f o r t h e 
past t h r e e seasons. Yet t h e m a x i m u m d e l i v e r y l eve l was o n l y 5 0 m e t r i c tons . 
D u e t o d r o u g h t , t h i s past season, t h e c o m p a n y was l u c k y t o o b t a i n 1 5 m e t r i c 
t o n s o f seed. Las t year a l oca l b r e w e r c o n t r a c t e d several h u n d r e d fa rmers t o 
p r o d u c e r e d s o r g h u m o n c o n t r a c t . D u e t o t h e d r o u g h t , h e m a y receive less 
t h a n one m e t r i c t o n ; t h i s i s less t h a n t h e q u a n t i t y o f seed o r i g i n a l l y d i s t r i b u t e d . 
Farmers have expressed e n t h u s i a s m t o p a r t i c i p a t e i n p r o d u c t i o n 
con t r ac t s . T h e y c o m m o n l y express a desi re t o p r o d u c e f o r t h e c o m m e r c i a l 
m a r k e t . B u t t h e agroecology does n o t appear t o s u p p o r t t h i s . U l t i m a t e l y , i t i s 
cheaper f o r m a n y g ra in process ing compan ies t o i m p o r t grains f r o m h ighe r 
r a in f a l l zones i n t h e n o r t h o f t h e c o u n t r y , t h a n t o c o n t r a c t f o r p r o d u c t i o n i n 
these s e m i - a r i d zones. 
Such p r o b l e m s o f l o w and variable p r o d u c t i v i t y have l e d t o t h e gradual 
a b a n d o n m e n t o f c r o p p r o d u c t i o n i n ne ighbor ing Botswana. I t i s cheaper fo r f o o d 
a n d f eed indus t r ies i n th i s c o u n t r y t o i m p o r t gra in f r o m S o u t h A f r i c a o r 
Z i m b a b w e t h a n t o b u y i t f r o m loca l farmers . These t r ends have been r e i n f o r c e d 
b y t h e r a p i d g r o w t h o f Botswana 's economy. T h e wage rates o f f t h e f a r m are n o w 
far h igher t h a n t h e r e tu rns t o labor i n sma l lho lde r c r o p p r o d u c t i o n . 
T h e c o m p e t i t i v e n e s s o f s o r g h u m a n d pea r l m i l l e t i s p a r t i c u l a r l y d i f f i c u l t 
g iven t h e d o m i n a n c e o f ma ize i n Z i m b a b w e a n d t h e n e i g h b o r i n g s o u t h e r n 
A f r i c a e c o n o m i e s . M a r k e t s a n d process ing sys tems are w e l l d e v e l o p e d f o r 
ma ize . M a n y i n d u s t r i a l processors are r e l u c t a n t t o b u y s o r g h u m o r p e a r l m i l l e t , 
even i f t h i s i s c o m p e t i t i v e l y p r i c e d . 
T h e c o m m e r c i a l advantages o f a l t e rna t ive d r y l a n d c rops such a s 
sun f lower , sesame, c o t t o n a n d p a p r i k a m a y b e m o r e favorable . B u t subs tan t ia l 
i n v e s t m e n t s are s t i l l r e q u i r e d t o d e v e l o p these p r o d u c t i o n systems a n d m a r k e t 
l inkages. F e w c o m p a n i e s are i n t e r e s t e d i n m a k i n g these i n v e s t m e n t s . 
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W h e n asked a b o u t t h e i r i n v e s t m e n t p r i o r i t i e s , small-scale f a r m e r s 
t h r o u g h o u t s o u t h e r n Z i m b a b w e a l m o s t u n i v e r s a l l y c i t e t h e i r i n t e r e s t i n 
pu rchas ing m o r e l i ve s tock . D e s p i t e occas ional losses associated w i t h d r o u g h t , 
an imals , a n d c a t t l e i n pa r t i cu la r , are s t i l l w i d e l y v i e w e d a s a m o r e p r o f i t a b l e 
i n v e s t m e n t t h a n c r o p p r o d u c t i o n . A n ea r ly analysis b y I C R I S A T (Takavarasha 
1 9 9 3 ) ind ica tes f a rmers are p r o b a b l y c o r r e c t i n t h i s j u d g m e n t . 
T h e sample f a r m e r s i n G w a n d a a n d Tsho lo t sho w e r e asked h o w t h e y 
w o u l d inves t Z $ 5 0 0 0 , a n a m o u n t a p p r o x i m a t e l y e q u a l t o t h e annua l cash 
i n c o m e o f t h e t w o p o o r e r s t r a t i f i c a t i o n g roup ings . T h e s i m i l a r i t y o f i n v e s t m e n t 
strategies across each o f t h e f o u r f a r m classes suggests a c o m m o n v i e w o f 
l i v e l i h o o d o p p o r t u n i t i e s . A s i n past I C R I S A T surveys, f a r m e r s i n eve ry class 
p l a c e d p r i m a r y p r i o r i t y o n i n v e s t m e n t s i n l i v e s t o c k (Table 1 3 ) . T h e t w o p o o r e r 
g roup ings p r o p o s e d t o a l loca te a l m o s t o n e - h a l f o f t h e i r i n v e s t m e n t c a p i t a l i n 
an imals . Fa rmers i n each o f t h e f o u r g roup ings also p r o p o s e d t o inves t one -
q u a r t e r o f t h e suggested s u m i n c o n s u m p t i o n e x p e n d i t u r e - f o r grocer ies , 
c lo thes a n d i m p r o v e d hous ing . Less t h a n 1 0 % o f t h e avai lable c a p i t a l was 
p r o p o s e d f o r t h e purchase o f c r o p i n p u t s . 
Table 13 . H o w the househo ld w o u l d invest Z$ 5000 (approx imate ly U S $ 140) 
four populat ion g r o u p s in G w a n d a a n d Tsholotsho, 1999 . 
Farm production 
Livestock 
Crop inputs 
Tools 
Consumption 
Food and groceries 
Clothing 
Home improvement 
Non-farm investments 
Education 
Projects 
Male-headed 
cattle owners 
( n - 7 2 ) 
1537 (1953) 
445 (1131) 
633 (1328) 
672 (1205) 
193 (476) 
486 (1388) 
625 (1134) 
228 (994) 
Numbers in parentheses are standard deviations. 
Source: ICRISAT surveys 1999. 
Male-headed 
without cattle 
(n = 44) 
2428 (1931) 
224 (724) 
493 (1005) 
469 (1129) 
319 (977) 
387 (1050) 
379 (996) 
140 (573) 
Female-headed 
(de facto) 
(n = 59) 
1964 (2059) 
354 (866) 
518 (994) 
367 (841) 
92 (453) 
867 (1736) 
332 (823) 
280 (1006) 
across 
Female-headed 
(de jure) 
(n = 65) 
2396 (2008) 
461 (1073) 
340 (628) 
423 (720) 
248 (651) 
544 (1332) 
247 
151 
(767) 
(744) 
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T h e r e l a t i v e l y h i g h e r i n v e s t m e n t i n h o m e i m p r o v e m e n t p r o p o s e d b y d e 
f ac to f e m a l e - h e a d e d househo lds co inc ides w i t h a p a t t e r n o f ac tua l i n v e s t m e n t 
e v i d e n t i n t h i s p o p u l a t i o n . Salary o r r e m i t t a n c e i n c o m e suppor t s c o n s u m p t i o n 
e x p e n d i t u r e a m o n g n o n - m i g r a n t f a m i l y m e m b e r s . I t also suppor t s t h e 
d e v e l o p m e n t o f t h e r u r a l h o m e s t e a d . M a n y m i g r a n t s s t i l l e x p e c t t o r e t i r e t o a 
r u r a l h o m e . 
M o s t househo lds recognize t h e i m p o r t a n c e o f i n v e s t m e n t s i n e d u c a t i o n . 
B u t m a n y have also b e e n d i s a p p o i n t e d t o l ea rn t h a t schoo l ing does n o t 
necessari ly l ead t o a j o b . T h i s i s p a r t i c u l a r l y t h e case i n m a n y o u t l y i n g d i s t r i c t s 
unab l e t o a t t r a c t q u a l i f i e d teachers . 
Implications for technology development 
D i f f e r e n c e s i n t h e i n v e s t m e n t p a t t e r n s and asset levels across t h e f o u r f a r m 
classes h i g h l i g h t t h e ex i s tence o f d iverse l i v e l i h o o d o p t i o n s a n d strategies. 
T h e y also suggest v a r y i n g p rospec t s f o r f u t u r e t e c h n o l o g i c a l change. 
De f ac to f ema le -headed househo lds are r e l a t i v e l y cash r i c h a n d can 
b e t t e r a f f o r d t o inves t i n pu rchased i n p u t s l i k e c h e m i c a l f e r t i l i z e r . T h e y can 
also h i r e labor, a n d inves t i n l abor saving e q u i p m e n t l i k e p l an te r s and 
c u l t i v a t o r s . B u t t h e i n c e n t i v e t o m a k e these i n v e s t m e n t s appears l i m i t e d . T h e 
q u e s t i o n remains , w i l l these fa rmers inves t i n e x p a n d i n g t h e i r p r o d u c t i o n . O r 
does t h e f a r m s i m p l y p r o v i d e a n insurance p o l i c y against t h e loss o f a n o f f -
f a r m j o b . A l o n g i t u d i n a l analysis o f h o w o f f - f a r m jobs a f fec t f a r m i n g 
i n v e s t m e n t s m a y h e l p resolve t h i s c o n u n d r u m . 
M a l e - h e a d e d househo lds w i t h ca t t l e are p l a n t i n g t h e largest c r o p areas. 
B u t these c r o p p i n g i n v e s t m e n t s r e m a i n ex tens ive i n character . T o of fse t t h e 
r isks o f d r o u g h t , these f a rmer s p l a n t m o r e f ie lds over a n e x t e n d e d p e r i o d , 
r a t h e r t h a n c o n c e n t r a t i n g t h e i r resources on a f e w p l o t s . T h i s s t ra tegy makes 
sense, g iven t h e e x t r e m e v a r i a b i l i t y o f seasonal r a in fa l l a n d h i g h r isks o f a m i d -
season d r o u g h t . These are t h e househo lds best p o s i t i o n e d t o r e s p o n d t o 
c o m m e r c i a l m a r k e t o p p o r t u n i t i e s . B u t ques t ions r e m a i n , i s t h e r e a n adequate 
p a y o f f t o i n t e n s i f i c a t i o n . 
M a l e - h e a d e d househo lds w i t h o u t ca t t l e r e m a i n a t t h e marg ins o f 
subsis tence. These appear caugh t i n a p o v e r t y t r a p . I n t e n s i f i c a t i o n o f t h e i r 
c r o p p i n g en te rpr i ses i s d i f f i c u l t w i t h o u t t h e e s t ab l i shmen t o f a l i ve s tock base. 
M a r g i n a l gains m a y b e a c h i e v e d w i t h b e t t e r t a r g e t i n g o f m a n u r e f r o m goats 
a n d s m a l l doses o f c h e m i c a l f e r t i l i z e r b u t , a s these f a rmers themse lves n o t e , 
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h ighe r r e t u r n s are e x p e c t e d f r o m s t r e n g t h e n i n g l i v e s t o c k i n v e n t o r i e s a n d 
m a n a g e m e n t . 
T h e prospec ts f o r de jure f e m a l e - h e a d e d househo lds are j u s t as 
u n c e r t a i n . A f e w o f these househo lds have l i v e s t o c k he rds a n d s tocks o f f a r m 
i m p l e m e n t s b u i l t u p b y a p r e v i o u s h u s b a n d . B u t m o s t are s t a rved o f cap i t a l , 
a n d can ba re ly p l o w e n o u g h l a n d t o m e e t t h e i r subsis tence needs i n a favorab le 
r a in fa l l year. T h e y d o n o t have t h e cash f o r c h e m i c a l f e r t i l i z e r , a n d m a n u r e 
s tocks are severely l i m i t e d . T h e s e f a r m e r s are t h e m o s t l i k e l y t o sel l t h e i r l a b o r 
t o o b t a i n f o o d o r seed f r o m n e i g h b o r i n g f a r m e r s a t t h e b e g i n n i n g o f t h e 
c r o p p i n g season. T h i s t o o i m p l i e s t h e ex i s t ence o f a p o v e r t y t r a p . 
T h e p rospec t s f o r t e c h n o l o g i c a l change i n t h e c r o p p i n g s y s t e m are n o t 
p a r t i c u l a r l y favorab le . H o w e v e r , a m a i n s h o r t c o m i n g o f t h i s assessment i s t h e 
s ta t ic pe r spec t ive . F a r m i n g sys tems are e v o l v i n g in s o u t h e r n Z i m b a b w e . A 
n u m b e r o f exogenous fac tors c o u l d s t i l l have a s ign i f i can t i m p a c t o n 
i n v e s t m e n t p a t t e r n s a n d l i v e l i h o o d p rospec t s . 
L a b o r m i g r a t i o n e x p a n d e d f r o m areas l i k e G w a n d a a n d Tsho lo t sho 
f o l l o w i n g m a j o r i t y r u l e i n S o u t h A f r i c a . T h e i m p a c t s o f t h i s m i g r a t i o n o n r u r a l 
c o m m u n i t i e s i n Z i m b a b w e are s t i l l p o o r l y u n d e r s t o o d . 
Rura l c o m m u n i t i e s i n s o u t h e r n Z i m b a b w e have b e e n heav i ly a f f e c t e d b y 
t h e H I V / A I D S e p i d e m i c . T h i s has caused t h e loss o f r e m i t t a n c e i n c o m e s a n d 
f a r m labor . M e d i c a l a n d f u n e r a l expenses a c c o u n t f o r a g r o w i n g share o f 
h o u s e h o l d e x p e n d i t u r e s . For m a n y r u r a l househo lds , t h i s e p i d e m i c m a y 
d e e p e n t h e p o v e r t y t r a p . 
B u t m a r k e t s are also e v o l v i n g , f o r b o t h c rops a n d l i v e s t o c k p r o d u c t s . T h e 
i n t r o d u c t i o n o f n e w t r a d e o p p o r t u n i t i e s can q u i c k l y sh i f t r e l a t i ve i n v e s t m e n t 
r e t u r n s . I C R I S A T has i n i t i a t e d a l o n g i t u d i n a l analysis o f h o w r u r a l 
c o m m u n i t i e s are e v o l v i n g as a r e su l t o f chang ing m a r k e t a n d n o n - m a r k e t 
c o n d i t i o n s . B u t t h i s research r e m a i n s a t an ear ly stage. 
Food security and poverty alleviation 
In s e m i - a r i d agroecologies, such a s s o u t h e r n Z i m b a b w e , f o o d s e c u r i t y i s 
c o m m o n l y sought t h r o u g h t h e p u r s u i t o f b o t h f a r m a n d n o n - f a r m en te rpr i ses . 
T h e p r o d u c t i o n o f a subsis tence g ra in s u p p l y i s p r i o r i t i z e d t o o f f se t t h e h i g h 
costs o f f o o d purchases . B u t t h e a l l o c a t i o n o f scarce l a b o r a n d c a p i t a l t o n o n -
f a r m a n d o f f - f a r m en te rpr i ses offers a means t o o b t a i n larger a n d m o r e 
cons i s t en t gains i n cash i n c o m e . These o p t i o n s increase i n i m p o r t a n c e i n 
e n v i r o n m e n t s w i t h a h i g h p r o b a b i l i t y o f d r o u g h t . 
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Techn ica l scope u n d o u b t e d l y r emains f o r i m p r o v i n g f o o d p r o d u c t i o n i n 
d r o u g h t p r o n e areas l i k e s o u t h e r n Z i m b a b w e . Recent e x p e r i m e n t a l ev idence 
suggests t h a t cereal g ra in y ie lds can be s ign i f i can t ly increased t h r o u g h 
r e l a t i v e l y s m a l l changes i n c r o p m a n a g e m e n t ( T w o m l o w a n d N c u b e 2 0 0 1 ) . 
B u t m o s t such changes s t i l l r e q u i r e a n i n v e s t m e n t o f resources unavai lab le t o 
p o o r e r househo lds . A n d t h e b e t t e r e n d o w e d f a rmers s t i l l n e e d t o b e c o n v i n c e d 
t h a t t h e r e t u r n s t o a l l oca t ing f a m i l y l abor a n d cap i t a l t o achieve gains i n c r o p 
p r o d u c t i v i t y o u t w e i g h t h e r e t u r n s f r o m a l t e rna t ive i n v e s t m e n t o p p o r t u n i t i e s . 
T h e y also n e e d t o b e c o n v i n c e d t o accept t h e v a r i a b i l i t y i n p r o d u c t i v i t y gains 
associated w i t h t h e p r o b a b i l i t y o f d r o u g h t . 
A t a m i n i m u m , e f fo r t s t o i m p r o v e t h e f o o d secu r i t y o f r u r a l households 
n e e d t o accoun t f o r t h e fac t t h a t t h e needs a n d capabi l i t i es o f these f a rmers are 
d iverse . W h i l e some househo lds appear l o c k e d i n a p o v e r t y t r a p , m a n y r e m a i n 
f u l l y capable o f pu rchas ing gra in a n d seed. T h e b e t t e r e n d o w e d househo lds are 
w e l l k n o w n t o p r o v i d e seed a n d g ra in t o t h e i r p o o r e r ne ighbors . I n e f fec t , t h e 
d i v e r s i t y o f f a r m c i r cums tances aids these c o m m u n i t i e s . 
I n e x t r e m e d r o u g h t c o n d i t i o n s , f o o d a n d seed shor t fa l l s u n d o u b t e d l y 
ex i s t a t t h e c o m m u n i t y l eve l . T h e m a j o r i t y o f househo lds m a y w e l l n e e d 
e x t e r n a l assistance. None the le s s , f o o d a i d s t i l l needs t o b e b e t t e r t a r g e t e d 
t o w a r d m o r e v u l n e r a b l e househo lds . P r o d u c t i o n r e l i e f needs t o b e a l l oca t ed s o 
as to f ac i l i t a t e an escape f r o m p o v e r t y . 
I n t h e shor t t e r m , some o f t h e largest gains i n househo ld f o o d secur i ty m a y 
b e o b t a i n e d f r o m s t reng then ing ru ra l grain marke t s . I n 2 0 0 2 , s ta rva t ion m a y 
occur i n Z i m b a b w e , n o t because o f l o w p r o d u c t i o n levels, b u t because o f t h e 
lack o f cereal grains o n t h e m a r k e t . T h e c o m b i n a t i o n o f exchange cont ro l s , 
i m p o r t con t ro l s a n d d o m e s t i c t r ade con t ro l s have severely r e s t r i c t ed t h e 
ava i lab i l i ty o f g ra in i n t h e ru ra l m a r k e t . Re l i e f supplies are unre l iab le . B e t w e e n 
Ju ly 2 0 0 1 and Ju ly 2 0 0 2 , r u r a l gra in pr ices increased a t least f i v e f o l d . W h i l e t h e 
Z i m b a b w e c i r cums tance i s e x t r e m e , t h e p r o b l e m s o f u n c e r t a i n gra in supplies 
a n d r i s i n g pr ices are n o t unusua l . N o t o n l y d o these reduce f o o d secur i ty i n t h e 
i m m e d i a t e a f t e r m a t h o f d r o u g h t , t h e y also encourage farmers t o r e t a in 
i nves tmen t s i n subsistence f o o d p r o d u c t i o n t h a t are re la t ive ly u n p r o d u c t i v e . 
T h i s reduces na t iona l i ncomes a n d f o o d secur i ty i n t h e longer r u n . 
I n t h e m e d i u m t e r m , t h e f o o d secu r i t y o f r u r a l households m a y m o s t b e 
i m p r o v e d b y p r o m o t i n g greater d i v e r s i f i c a t i o n o f i n c o m e sources. Ra the r t h a n 
assuming t h a t f a rmers s i m p l y t a rge t se l f - suf f ic iency i n g ra in p r o d u c t i o n , 
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t e c h n i c a l assistance s h o u l d encourage c o m p l e m e n t a r y i n v e s t m e n t s i n 
l i ve s tock , vegetable p r o d u c t i o n , n o n - f a r m enterpr i ses , a n d l abor m i g r a t i o n . 
P r i o r i t y s h o u l d b e p l a c e d o n t h e d e v e l o p m e n t o f a d iverse array o f m a r k e t s , 
w h i l e p r o m o t i n g g r o w t h l inkages b e n e f i c i a l t o p o o r e r a s w e l l a s b e t t e r 
e n d o w e d f a rmers . O n c e g ra in m a r k e t s are w e l l d e v e l o p e d , i t m a y even b e 
use fu l t o encourage r e d u c e d p r o d u c t i o n o f cerea l grains, i f larger a n d m o r e 
cons i s t en t i n c o m e s can b e d e r i v e d f r o m a l t e r n a t i v e sources. 
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Changes in rural household livelihood 
strategies and outcomes in Burkina Faso 
J u p i t e r N d j e u n g a 1 a n d K i m s e y i n g a S a v a d o g o 2 
T h i s r e p o r t descr ibes a n d e x a m i n e s changes i n r u r a l l i v e l i h o o d assets, a c t iv i t i e s 
a n d i n c o m e s i n t h e Sahel ian , G u i n e a n a n d Sudan ian zones o f B u r k i n a Faso 
d u r i n g t h e last 2 0 years. A r a p i d r e su rvey i n 2 0 0 2 o f r u r a l househo lds f r o m a n 
I C R I S A T sample i n 1 9 8 5 s h o w e d t h a t h o u s e h o l d assets have increased 
s ign i f i can t ly . 
• Per cap i t a l i v e s t o c k o w n e r s h i p has increased t w o f o l d ( f r o m 0 .9 i n 1 9 8 5 t o 
1.6 i n 2 0 0 1 ) ; h o u s e h o l d car t o w n e r s h i p has increased t h r e e f o l d ( f r o m 0 .38 
t o 0 . 9 ) . 
• M o r e t h a n 7 0 % o f househo lds o w n e d a t least one p iece o f a n i m a l t r a c t i o n 
e q u i p m e n t a s o p p o s e d t o 4 0 % i n 1 9 8 5 . 
• Fa rmers are u s ing m o r e ino rgan ic f e r t i l i z e r s w i t h h i g h i n t e n s i t y i n m o r e 
favorab le r a i n f a l l areas. I n a l l zones, t h e a p p l i c a t i o n o f f e r t i l i z e r s i s l o w i n 
subsis tence c rops c o m p a r e d t o cash c rops . 
• H o u s e h o l d s have d i v e r s i f i e d i n a n d o u t o f t h e a g r i c u l t u r a l sector . M a n y 
f a rmer s i n t h e Sudan ian zone o f B u r k i n a Faso have la rge ly d i v e r s i f i e d i n t o 
cash c rops such as c o t t o n . 
• I n 2 0 0 1 , n o n - f a r m sources r e p r e s e n t e d a b o u t 2 7 % o f t h e average h o u s e h o l d 
i n c o m e i n t h e Sahel , 2 0 % i n t h e Sudan ian a n d 1 1 % i n t h e G u i n e a n zones. 
K e y w o r d s : c r o p , l i ve s tock , n o n - f a r m i n c o m e a n d r eg ion . 
I n t r o d u c t i o n 
T h e p u r p o s e o f t h i s pape r i s t o charac te r ize a n d p r o v i d e a b r o a d assessment o f 
r u r a l l i v e l i h o o d changes t h a t have o c c u r r e d i n t h e s e m i - a r i d t r o p i c s o f W e s t 
A f r i c a d u r i n g t h e last 2 0 years. I t e x a m i n e s t h e strategies u sed b y r u r a l 
househo lds t o s m o o t h c o n s u m p t i o n pa t t e rn s i n t h e face o f c l i m a t i c , p r i c e a n d 
i n c o m e r isks . W i t h a r e su rvey o f t h e s ix I C R I S A T vi l lages ( p r e v i o u s l y s u r v e y e d 
i n 1 9 8 5 ) i n 2 0 0 1 , u s ing h o u s e h o l d - l e v e l p r i m a r y da ta i n t h e Sahel , Sudan ian 
a n d G u i n e a n zones o f B u r k i n a Faso, w e a t t e m p t t o charac te r ize h o u s e h o l d 
assets, a c t iv i t i e s a n d i n c o m e . 
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1. 
2. 
ICRISAT, Bamako, Mali. 
University of Ouagadougou, Burkina Faso. 
D u r i n g t h e last 2 0 years, dono r s a n d g o v e r n m e n t s i n W e s t a n d C e n t r a l 
A f r i c a have la rge ly i n v e s t e d i n a g r i c u l t u r a l research a n d t e c h n o l o g y 
d i s s e m i n a t i o n . Ye t m a n y o f these t echno log ies have h a d a l i m i t e d i m p a c t o n 
r u r a l l i v e l i h o o d s . T h e a g r i c u l t u r a l t r a n s f o r m a t i o n never o c c u r r e d . I n e f fec t , 
d u r i n g t h i s p e r i o d a g r i c u l t u r a l research p r i o r i t i e s m a y have changed . D u e t o 
t h e chang ing c l i m a t i c , phys i ca l , soc io -economic , i n s t i t u t i o n a l a n d p o l i c y 
e n v i r o n m e n t s househo lds m a y have s h i f t e d t h e i r i n v e s t m e n t p r i o r i t i e s a n d 
f o r m u l a t e d n e w m e c h a n i s m f o r c o p i n g w i t h r i s k . 
T h e r e i s t h e r e f o r e a n e e d to assess h o u s e h o l d i n c o m e strategies to b e t t e r 
t a rge t research a n d p r i o r i t i e s , a n d t o f o r m u l a t e po l i c i e s t h a t w i l l i m p r o v e r u r a l 
l i v e l i h o o d s . I n c o m e strategies o f r u r a l househo lds i n these zones are m a i n l y 
d e p e n d e n t u p o n t h e gene ra t i on o f pu rchas ing p o w e r i n n o n - c r o p p i n g 
o c c u p a t i o n s ( b o t h e m p l o y m e n t - a n d asset-based). To a large e x t e n t , these 
o c c u p a t i o n s are n o t o r i e n t e d t o w a r d process ing c r o p o u t p u t s o r s u p p l y i n g 
i n p u t s t o c r o p p i n g i n t h e r eg ion . I n pa r t , these strategies are a means o f 
i n s u l a t i n g f o o d c o n s u m p t i o n f r o m b r o a d swings i n t h e l o c a l cereal sector. T h i s 
i s i n t u r n l i n k e d t o t h e subs tan t ia l re l iance o f househo lds o n p u r c h a s e d f o o d t o 
ensure c o n s u m p t i o n secur i ty , a fac t t h a t bel ies t h e c o n v e n t i o n a l image o f 
subsis tence f a rmers . A l m o s t a l l househo lds r e l y t o a c e r t a i n e x t e n t on 
purchases, b u t those w i t h t h e poores t c r o p p i n g o u t c o m e s , p r o v i d e d t h e y have 
non -c ropp ing -based cash resources, purchase t h e m o s t i n p r o p o r t i o n a l t e r m s 
( R e a r d o n a n d M a t l o n 1 9 8 7 ) . 
M o r e o v e r , househo lds spread i n c o m e r i s k n o t o n l y across occupa t ions , 
b u t also across loca t ions . T h i s reduces c rop-based c o - v a r i a t i o n i n reg iona l 
i n c o m e s . O v e r a l l w h e r e c l i m a t i c v a r i a b i l i t y i s h i g h l y p r o n o u n c e d , f a rmers 
d e v e l o p m u l t i - s e c t o r a l strategies t o p r o t e c t f o o d c o n s u m p t i o n levels i n t h e 
face o f adverse w e a t h e r . 
T h i s r e p o r t descr ibes b r o a d changes i n l i v e l i h o o d o u t c o m e s a n d strategies 
a n d d r a w s ins igh ts t h a t c o u l d serve t o f o r m u l a t e f u t u r e research a n d 
d e v e l o p m e n t p r i o r i t i e s a n d po l i c i e s . 
A theoretical f r a m e w o r k 
T h e t h e o r e t i c a l f r a m e w o r k u s e d f o r cha rac te r i z ing l i v e l i h o o d i s t h e sustainable 
r u r a l l i v e l i h o o d s ( S R L ) f r a m e w o r k (F igu re 1 ) . T h e f r a m e w o r k br ings t o g e t h e r 
r e l evan t concep t s t o a l l o w p o v e r t y t o b e u n d e r s t o o d m o r e h o l i s t i c a l l y 
( F a r r i n g t o n e t a l . 1 9 9 9 ) . I t d r a w s o n t h e i m p r o v e d u n d e r s t a n d i n g o f p o v e r t y 
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b u t also o n o t h e r s t reams o f analysis i n e c o n o m i c theory , d e v e l o p m e n t t heo ry , 
a n t h r o p o l o g y a n d sociology, r e l a t i n g t o households , gender , governance a n d 
f a r m i n g systems. 
T h e f r a m e w o r k encourages users t o t h i n k a b o u t e x i s t i n g l i v e l i h o o d 
p a t t e r n s as a basis f o r p l a n n i n g research a n d d e v e l o p m e n t ac t iv i t i e s . T h i s 
enta i l s analysis o f var ious too l s t o b e t t e r u n d e r s t a n d : 
• T h e c o n t e x t i n w h i c h ( d i f f e r e n t groups o f ) p e o p l e l i ve , i n c l u d i n g t h e ef fects 
u p o n t h e m o f e x t e r n a l t r e n d s ( e c o n o m i c , t e c h n o l o g i c a l , p o p u l a t i o n g r o w t h 
e t c . ) , shocks ( w h e t h e r n a t u r a l o r m a n m a d e ) a n d seasonality. 
3 0 
H represents h u m a n capital: t h e sk i l l s , k n o w l e d g e , a b i l i t y to l abor and 
g o o d h e a l t h i m p o r t a n t t o t h e a b i l i t y t o pu r sue d i f f e r e n t l i v e l i h o o d 
strategies; 
P represents physical capital: t h e basic i n f r a s t r u c t u r e ( t r a n s p o r t , shel ter , 
wa te r , energy a n d c o m m u n i c a t i o n s ) and t h e p r o d u c t i o n e q u i p m e n t and 
means , w h i c h enable peop l e t o pu r sue l i v e l i h o o d s ; 
S represents social capital: t h e social resources ( n e t w o r k s , m e m b e r s h i p 
o f groups , r e l a t ionsh ips o f t r u s t , access t o w i d e r i n s t i t u t i o n s o f soc ie ty ) 
u p o n w h i c h p e o p l e d r a w i n p u r s u i t o f l i v e l i h o o d s ; 
F represents f inancial capital: t h e f inanc ia l resources w h i c h are avai lable 
t o p e o p l e ( w h e t h e r savings, suppl ies o f c r e d i t o r regular r e m i t t a n c e s o r 
pens ions) a n d w h i c h p r o v i d e t h e m w i t h d i f f e r e n t l i v e l i h o o d o p t i o n s ; 
N represents n a t u r a l capital: t h e n a t u r a l resource s tocks f r o m w h i c h 
resource f l o w s use fu l f o r l i v e l i h o o d s are d e r i v e d (e.g. l and , wa te r , 
w i l d l i f e , b i o d i v e r s i t y , e n v i r o n m e n t a l resources) 
Figure 1 . DFID's Sustainable Livelihoods F ramework . 
• People 's access to d i f f e r e n t t ypes o f assets (phys i ca l , h u m a n , f i nanc ia l , 
n a t u r a l a n d social) a n d t h e i r a b i l i t y t o p u t these t o p r o d u c t i v e use. 
• T h e i n s t i t u t i o n s , po l i c i e s a n d organizat ions , w h i c h shape t h e i r l i v e l i h o o d s . 
• T h e d i f f e r e n t strategies t h a t t h e y a d o p t i n p u r s u i t o f t h e i r goals. 
T h e va lue of a f r a m e w o r k such as t h i s i s t h a t i t encourages users to t a k e a 
b r o a d a n d sys temat i c v i e w o f t h e fac tors t h a t cause p o v e r t y - w h e t h e r these 
are shocks a n d adverse t r e n d s , p o o r l y f u n c t i o n i n g i n s t i t u t i o n s a n d po l i c i e s o r a 
basic l ack o f assets - a n d t o inves t iga te t h e re la t ions b e t w e e n t h e m . I t does n o t 
t a k e a "sec tora l" v i e w o f pove r ty , b u t t r i e s t o recognize t h e c o n t r i b u t i o n s m a d e 
b y d i f f e r e n t i n t e r c o n n e c t e d assets, processes a n d s t ruc tu re s t h a t p e o p l e d r a w 
o n t o devise l i v e l i h o o d strategies i n o r d e r t o achieve a n a n t i c i p a t e d l i v e l i h o o d 
o u t c o m e . T h i s does n o t i m p l y t h a t d e v e l o p m e n t a c t i v i t y i t s e l f s h o u l d a lways 
b e m u l t i - s e c t o r a l . T h e n e e d i s t o conce ive o f p r o b l e m s a n d so lu t ions i n a 
h o l i s t i c way, b u t t h e n t o select t a rge t a n d manageable approaches f o r 
i m p l e m e n t a t i o n . 
Data and sample characteristics 
Survey approach 
F r o m 1 9 8 1 t o 1 9 8 5 , a n I C R I S A T basel ine s t u d y was c a r r i e d o u t w i t h t h e 
p r i m a r y o b j e c t i v e t o analyze t h e f a r m i n g sys tems i n t h e W e s t A f r i c a n S e m i -
A r i d T r o p i c s i n o r d e r t o i d e n t i f y t h e c o n s t r a i n t s t o a g r i c u l t u r a l p r o d u c t i o n . 
T h e cha rac t e r i s t i c s o f t h e t h r e e s t u d y regions a n d s ix v i l lages are p r e s e n t e d 
i n Table 1 . 
T h e t h r e e s t u d y regions d i f f e r s ign i f i can t ly i n r a in fa l l average a n d so i l 
t y p e . T h e D j i b o r e g i o n i s a l o w ra in fa l l area w i t h a n average o f 4 6 5 m m 
annua l ly d u r i n g t h e last 40 years. Soils are sandy a n d t h e m a j o r f o o d c rops are 
p e a r l m i l l e t , f o n i o a n d c o w p e a , w i t h w h i t e s o r g h u m . T h e vi l lages o f O u r e a n d 
S i lgueye w e r e se lec ted i n t h i s r eg ion . T h e Yako r eg ion i s r ep resen ta t ive o f large 
p o r t i o n s o f t h e r e l a t i v e l y dense ly p o p u l a t e d M o s s i P la teau i n t h e Sudan 
Savanna a g r o - c l i m a t i c zone. Ra in fa l l i s l o w a n d soils are s h a l l o w w i t h l o w 
n a t u r a l f e r t i l i t y . C r o p p i n g sys tems i n t h i s zone are d o m i n a t e d b y w h i t e 
s o r g h u m , m i l l e t a n d r e d s o r g h u m , w i t h yams , c o t t o n a n d g r o u n d n u t serving a s 
cash c rops o f r e l a t i v e l y m i n o r i m p o r t a n c e i n t e r m s o f c u l t i v a t e d area. T h e 
vi l lages o f O u o n o n a n d K o l b i l a w e r e se lec ted f r o m t h i s r eg ion . T h e B o r o m o 
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r e g i o n i n t h e N o r t h e r n G u i n e a Savanna has r e l a t i v e l y g o o d a g r i c u l t u r a l 
p o t e n t i a l w i t h h i g h annua l r a i n f a l l w i t h c o m p a r a t i v e l y h i g h p o p u l a t i o n 
pressure . M a j o r f o o d c rops are w h i t e a n d r e d s o r g h u m , ma ize and , t o a lesser 
e x t e n t , m i l l e t . C o t t o n i s t h e m o s t i m p o r t a n t cash c r o p . T h e r eg ion i s i n h a b i t e d 
p r i m a r i l y b y D a g a r i a n d B w a e t h n i c g roups b u t has also e x p e r i e n c e d i m p o r t a n t 
i m m i g r a t i o n f r o m m o r e dense ly p o p u l a t e d areas o n t h e M o s s i P la teau . Soils 
are o f i n t e r m e d i a t e d e p t h a n d f e r t i l i t y . T h e vil lages o f K o h o a n d Sayero w e r e 
se l ec ted f r o m t h i s r e g i o n . 
D u r i n g 18 -31 M a y 2 0 0 2 a repeat survey was ca r r i ed o u t i n t h e same 
regions a n d us ing t h e same households s a m p l e d w i t h t h e p r i m a r y ob jec t ive t o 
assess changes t h a t m a y have o c c u r r e d d u r i n g t h e p rev ious t w o decades. F r o m 
t h e 1985 I C R I S A T sample , i t was f o u n d t h a t heads o f a b o u t 6 7 households w e r e 
s t i l l ex i s t ing , 48 o f these h a d passed away, a n d a n u m b e r o f households w e r e 
sp l i t w i t h some m e m b e r s l i v i n g i n t h e vi l lage a n d o thers o u t o f t h e vi l lage o r 
c o u n t r y . A l l households w i t h t h e f o r m e r head s t i l l al ive, o r t h e i r heirs a n d t h e 
sp l i t households w h o s e heads s t i l l l i v e d in t h e vi l lage w e r e i n t e r v i e w e d . T h u s a 
t o t a l 2 4 0 households w e r e i n t e r v i e w e d o f w h i c h 115 w e r e o r ig ina l ly 
i n t e r v i e w e d i n 1985 (Table 2 ) . T h i s r e p o r t analyzes data f r o m these 115 
households . In a d d i t i o n , i n each vil lage a focus g r o u p i n t e r v i e w was ca r r i ed o u t . 
Q u e s t i o n s focused o n t h e same survey i n s t r u m e n t s u sed i n 1 9 8 5 . M a j o r 
d i f f e rences i n t h e t w o sets o f da ta l i e i n t h e f r e q u e n c y o f i n t e r v i e w s , w h i c h 
c o u l d a f fec t t h e r e l i a b i l i t y o f da ta a t h a n d . W h i l e t h e 2 0 0 2 r e p e a t e d survey 
da ta i s based on a single y e a r l y r eca l l , t h e 1 9 8 5 da ta was c o l l e c t e d w i t h 
m u l t i p l e f requenc ies r e f l e c t i n g t h e accuracy o f i n f o r m a t i o n ga the red . For such 
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T a b l e 1 . C h a r a c t e r i s t i c s o f r e g i o n s a n d v i l l a g e s i n I C R I S A T b a s e l i n e s t u d i e s i n 1 9 8 5 
a n d i n 2 0 0 2 . 
Region 
Djibo 
(Sahel) 
Yako 
(Sudan) 
Boromo 
(Guinea) 
Long-term annual 
rainfall (mm) 
1985 
480 
(34%) 
724 
(25%) 
952 
(21%) 
2000 
465 
(35%) 
714 
(26%) 
955 
(21%) 
Populat ion density 
(person per sq km) 
Vil lage 
Woure 
Si lgueye 
Kolbi la 
Ouonon 
Koho 
Sayero 
1985 
41 
41 
67 
40 
85 
25 
1999 
39 
59 
63 
39 
130 
32 
Access to 
main roads 
1985 
Good 
Poor 
Good 
Poor 
Good 
Poor 
2002 
Good 
Poor 
Good 
Good 
Good 
Good 
Populat ion 
( inhabitants) 
1985 2000 
755 712 
636 911 
1321 1235 
1224 1179 
1145 1754 
931 1209 
Coefficient of variation (CV) in parentheses. 
Source: ICRISAT baseline survey 1981- 85 and 2002. 
data as e x p e n d i t u r e s a n d c o n s u m p t i o n , s tocks a n d f l o w s , an annua l f r equency 
based on single reca l l m a y n o t be accura te . 
Ra in fa l l d u r i n g t h e 1 9 8 5 c r o p p i n g season was abou t t h e same a s t h a t i n 
2 0 0 1 . T h u s , t h e da ta w e l l r e f l e c t f a r m e r behav io r u n d e r a l m o s t t h e same t y p e 
o f stress c o n d i t i o n s . 
Sample characteristics 
I n 2 0 0 1 , t h e data reveals t h a t t h e average age o f t h e h o u s e h o l d h e a d i s a b o u t 
55 years c o m p a r e d t o 51 years i n 1985 suggesting t h a t dec i s i on m a k e r s are on 
average p r o b a b l y w e l l e x p e r i e n c e d . T h e r e i s no s ign i f ican t d i f f e r e n c e in age 
b e t w e e n regions (Table 3 ) . Average h o u s e h o l d sizes are l o w e r t h a n those o f 
1 9 8 5 . T h e r e are s ign i f ican t d i f fe rences b e t w e e n regions. W h i l e h o u s e h o l d 
sizes have s ign i f i can t ly decreased i n t h e G u i n e a n r eg ion o f B o r o m o , f r o m 1 9 t o 
12, t h e y have increased in o t h e r regions such as t h e Sahel a n d Sudan ian zones. 
T h i s i s la rgely e x p l a i n e d b y t h e m i g r a t i o n o f t h e y o u n g t o n e i g h b o r i n g t o w n s o r 
c o u n t r i e s such as O u a g a d o u g o u o r B o b o - D i o u l a s s o in B u r k i n a Faso and C o t e 
d ' I v o i r e , o r M a l i . 
L i k e h o u s e h o l d size, t h e t o t a l w o r k fo rce has also s ign i f i can t ly decreased 
i n t h e G u i n e a n zone f o r t h e same reasons s t a ted above. I n general , t h e p e r 
cap i t a l a n d c u l t i v a t e d has increased s ign i f i can t ly b y m o r e t h a n t w o f o l d i n t h e 
Sudan ian a n d G u i n e a n zones, whereas l a n d c u l t i v a t e d has r e m a i n e d r e l a t i ve ly 
s tagnant i n t h e Sahel . T h i s i s la rgely because o f t h e increase i n t h e use o f 
a n i m a l t r a c t i o n especia l ly i n t h e Sudan ian a n d G u i n e a n zones r e l i e v i n g t h e 
l abor cons t r a in t s a n d a l l o w i n g househo lds t o increase t h e i r c u l t i v a t e d area. 
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T a b l e 2 . D i s t r i b u t i o n o f h o u s e h o l d s b y r e g i o n i n 2 0 0 2 . 
Region 
Djibo (Sahel) 
Yako (Sudanian) 
Boromo (Guinean) 
TOTAL 
Househo ld 
head still al ive 
19 
23 
25 
67 
From Matlon 1988 (1985 sample) 
Household 
heirs 
11 
13 
24 
48 
Split households 
In the 
village 
25 
20 
13 
58 
Out of the 
village 
25 
24 
18 
67 
Total 
80 
80 
80 
240 
Source: ICRISAT baseline survey 1985 and 2002. 
T a b l e 3 . H o u s e h o l d c h a r a c t e r i s t i c s i n t h e S a h e l i a n , S u d a n i a n a n d G u i n e a n z o n e s i n 
1 9 8 5 a n d 2 0 0 2 . 
Variable 
Sample size 
Age of household head 
Household size 
Total work force 
Number of dependents 
Dependency ratio 
Per capita land 
cultivated (ha) 
Per capita livestock 
owned 
Ownership of cart 
Djibo (Sahel) 
1985 2001 
30 
48 54.97 
(12) (15) 
9.43 11.10 
(4.75) (6.25) 
5.08 6.54 
(2.68) (3.88) 
5.35 4.56 
(2.37) (2.68) 
0.45 0.42 
(0.13) (0.08) 
1.37 1.01 
(0.80) (0.47) 
1.28 1.96 
(2.33) (2.83) 
0.20 0.37 
(0.41) (0.56) 
Region 
Yako (Sudanian) 
1985 2001 
36 
53 57.19 
(15) (14.78) 
12.44 14.89 
(9.12) (6.65) 
6.53 5.92 
(4.99) (3.22) 
5.91 8.97 
(4.27) (5.17) 
0.48 0.60 
(0.07) (0.16) 
0.76 1.69 
(0.31) (1.47) 
0.39 0.50 
(1.38) (1.70) 
0.25 0.86 
(0.44) (1.82) 
Boromo (Guinean) 
1985 2001 
49 
52 54.04 
(13) (16.67) 
19.10 12.31 
(16.07) (9.08) 
10.14 5.95 
(8.24) (5.21) 
8.96 6.35 
(7.95) (4.69) 
0.46 0.53 
(0.07) (0.17) 
0.81 1.98 
(0.35) (1.52) 
0.99 2.12 
(1.95) (4.83) 
0.59 1.27 
(0.50) (3.09) 
Group 
1985 2001 
115 
51 55.27 
(14) (15.59) 
14.50 12.80 
(12.54) (7.78) 
7.69 6.10 
(6.55) (4.30) 
6.80 6.70 
(6.12) (4.71) 
0.46 0.52 
(0.09) (0.16) 
0.94 1.64 
(0.56) (1.36) 
0.88 1.57 
(1.92) (3.64) 
0.38 0.90 
(0.49) (2.29) 
The number of households in each stratum is given in sample size. The per capita land cultivated (excluding fallow), 
deflated by household adult equivalent (AE). Ownership of cart is a discrete (0,1) variable. 
Source: ICRISAT data 1985 and 2002. 
Assets o w n e r s h i p has increased s i gn i f i c an t l y i n t h e t h r e e regions . 
L i v e s t o c k h o l d i n g s have inc reased s i gn i f i c an t l y d u r i n g t h e last 20 years. T h i s i s 
espec ia l ly i m p o r t a n t i n G u i n e a n zone w h e r e t h e p e r cap i t a l i v e s t o c k o w n e d i s 
e s t i m a t e d a t 2 , a n increase f r o m 0 . 8 1 i n 1 9 8 5 . S i m i l a r l y ca r t o w n e r s h i p has 
increased . W h i l e a l l househo lds o w n e d a t least 1 ca r t i n t h e G u i n e a n zone, 
a b o u t 3 7 % o f househo lds o w n e d a ca r t i n t h e Sahel . 
Village institutional make-up 
T h e r e have b e e n s o m e i n s t i t u t i o n a l a n d o rgan iza t iona l changes s ince 1 9 8 3 . I n 
t h r e e o u t o f t h e s ix vi l lages, a p r i m a r y s c h o o l has b e e n b u i l t . I n each v i l lage , 
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one o r t w o f a r m e r s have b e e n t r a i n e d i n p r i m a r y h e a l t h necessities; a n d one o r 
t w o d r i n k i n g w a t e r p u m p s have b e e n b u i l t b y n o n - g o v e r n m e n t a l organizat ions . 
F u r t h e r m o r e , f a r m e r s have f e l t t h e n e e d t o f o r m associations t o cope against 
f o o d insecur i ty , t o h e l p s m o o t h t h e i r c o n s u m p t i o n (e.g. savings a n d loan 
associations) o r inves t i n some c o m m u n i t y p ro jec t s (e.g. g r i n d i n g m a c h i n e ) . 
Fa rmers have also b e e n o rgan ized i n t o groups (g roups b e i n g u sed as co l l a te ra l ) 
t o f a c i l i t a t e t h e i r access t o c r e d i t s u p p l i e d b y t h e r u r a l b a n k o f B u r k i n a Faso 
( C N C A ) o r t h e c o t t o n c o m p a n y ( S O F I T E X ) . 
Surprisingly, the re have been f e w i m p r o v e m e n t s i n m a r k e t infras t ructure . 
D u r i n g t h e last 15 years, no marke t s have been created in t h e villages. Farmers or 
households s t i l l se l l /buy t h e i r p r o d u c e / i n p u t s in ne ighbor ing marke t s (Table 4 ) . 
Results 
D u r i n g t h e last 2 0 years, a n u m b e r o f changes have o c c u r r e d w i t h r ega rd t o 
h o u s e h o l d o w n e r s h i p o f assets. M a n y m o r e househo lds o w n a g r i c u l t u r a l 
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T a b l e 4 . M a p o f i n s t i t u t i o n s / r e s o u r c e s b y v i l l a g e . 
Institutions 
Primary school 
PSP (health) 
Markets 
SLA for men 
Men's organization 
Women's 
organization 
Church/mosque 
Cereal banks 
Grinding wells 
Drinking water 
pump 
Traditional wells 
Village 
Silgueye 
Before 
0 
0 
0 
0 
0 
0 
0 
0 
After 
0 
1 
0 
1 
1 
1 
1 
0 
0 
2 
0 
Oure 
Before 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
After 
1 
1 
0 
0 
1 
0 
1 
1 
0 
2 
2 
Kolbila 
Before 
0 
1 
0 
0 
0 
0 
0 
0 
After 
0 
2 
1 
0 
2 
1 
1 
1 
1 
2 
0 
Ouonon 
Before 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
After 
1 
2 
0 
1 
3 
2 
1 
0 
2 
0 
0 
Koho 
Before 
1 
0 
1 
0 
1 
0 
0 
0 
After 
1 
1 
1 
0 
3 
1 
0 
0 
2 
2 
1 
Sayero 
Before After 
0 1 
0 1 
1 1 
0 1 
1 3 
0 1 
0 1 
0 0 
0 0 
0 1 
0 1 
SLA: Saving and loan association. PSP: Poste de Sante Primaire. Before: Before the year 1985. After: After the year 1985. 
Source: ICRtSAT data 1985 and 2002. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
e q u i p m e n t , d r a f t a n i m a l a n d m o r e l i v e s t o c k a l t h o u g h f a r m e r s c o n t i n u e t o 
d i v e r s i f y i n a n d o u t o f a g r i c u l t u r e , engaging i n n o n - f a r m ac t i v i t i e s t o l e v e l o f 
i n c o m e r i sk . Pear l m i l l e t , s o r g h u m , ma ize , f o n i o , g r o u n d n u t a n d c o w p e a 
r e m a i n t h e m o s t i m p o r t a n t staples i n these regions; m o r e r e c e n t l y t h e 
i n t r o d u c t i o n o f c o t t o n has s h i f t e d f a r m e r s ' p r i o r i t i e s i n t h e G u i n e a n zone . 
W h i l e c r o p p i n g sys tems are s l o w l y e v o l v i n g t h r o u g h spec ia l i za t ion i n t o m o n o -
c r o p p i n g d u e t o t h e inc reased use o f a n i m a l t r a c t i o n especia l ly i n t h e G u i n e a n 
a n d S u d a n i a n zones, t h i s has n o t changed m u c h i n t h e Sahel . 
M a n y m o r e f a r m e r s use inorgan ic f e r t i l i z e r s a n d a n i m a l t r a c t i o n . 
H o w e v e r , t h e use o f i m p r o v e d var ie t ies i s r a t h e r l i m i t e d . Less t h a n 1 % o f 
househo lds use i m p r o v e d s o r g h u m a n d p e a r l m i l l e t va r ie t i es . 
Use of inputs 
Uptake of improved pearl millet and sorghum varieties 
U p t a k e o f i m p r o v e d p e a r l m i l l e t a n d s o r g h u m var ie t i e s i s l o w a n d less t h a n 
1 % . T h i s i s cons i s t en t w i t h o t h e r s tudies ( N d j e u n g a e t a l . 2 0 0 1 ) . O v e r 9 0 % o f 
househo lds d r a w t h e i r seed f r o m t h e i r o w n s tocks . I f s tocks are i n s u f f i c i e n t , 
f a r m e r s w i l l a p p r o a c h re la t ives , f r i ends o r ne ighbors t o ge t seed. M a r k e t 
t r ansac t ions are l i m i t e d a s m o s t t ransac t ions are m a d e i n t h e f o r m o f b a r t e r o r 
exchange o f var ie t ies . Reasons f o r p a r t i c i p a t i n g i n t h e seed m a r k e t s are 
i n s u f f i c i e n t seed s tocks o r t h e u rge f o r e x p e r i m e n t a t i o n . T h e m a j o r c o n s t r a i n t 
t o a d o p t i o n o f i m p r o v e d var ie t i es r ema ins t h e l o w access t o o r l ack o f seed. 
O t h e r m i n o r reasons are t h e p o o r access t o i n f o r m a t i o n o n i m p r o v e d var ie t ies 
a n d b i r d a t tacks espec ia l ly f o r ear ly m a t u r i n g var ie t i es . 
Uptake of inorganic and organic fertilizers 
U p t a k e o f i m p r o v e d f e r t i l i z e r s has inc reased i n a l l reg ions . S u r v e y resu l t s 
i n d i c a t e t h a t o v e r a l l t h e percen tage o f househo lds u s ing ino rgan ic f e r t i l i z e r s 
inc reased f r o m 4 9 % i n 1 9 8 5 t o 6 3 % i n 2 0 0 2 (Table 5 ) . T h e r e are s ign i f i can t 
d i f f e rences across regions . Surveys resul t s i n d i c a t e t h a t w h i l e no f a r m e r was 
us ing ino rgan ic f e r t i l i z e r i n 1 9 8 5 , s l i g h t l y m o r e t h a n 5 0 % are u s ing f e r t i l i ze r s i n 
t h e Sahel . S i m i l a r resul t s are f o u n d i n t h e Sudan ian zone . T h e u p t a k e o f 
f e r t i l i z e r s i n t h e G u i n e a n zone o f B o r o m o i s v e r y h i g h . 
T h e pe rcen tage o f f a r m e r s u s ing ino rgan ic f e r t i l i z e r s o n l y has decreased. 
Fa rmers p e r c e i v e d b o t h f e r t i l i z e r s t o b e c o m p l e m e n t a r y . I n t h e Sahel , m o r e 
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t h a n 4 5 % o f househo lds su rveyed use b o t h types o f f e r t i l i ze r s c o m p a r e d w i t h 
n o n e i n 1 9 8 5 . S i m i l a r resul ts are f o u n d i n t h e G u i n e a n zone o f Yako. I n 
con t ras t , i n t h e G u i n e a n zone o f B o r o m o t h e p r o p o r t i o n o f f a rmer s us ing b o t h 
t y p e s o f f e r t i l i z e r s has decreased a n d m o r e f a rmers use m i n e r a l f e r t i l i ze r s only . 
I n e f fec t , these f a rmers are c o t t o n p roduce r s , are g iven fe r t i l i ze r s on c r e d i t a n d 
m a y have l i m i t e d access t o organic sources t o a p p l y t o large c u l t i v a t e d areas. 
I n general , t h e i n t e n s i t y o f organic f e r t i l i ze r s use has decreased f r o m 8 2 1 
k g ha 1 t o 6 6 0 k g ha 1 (Table 6 ) . T h i s m a y b e d u e t o t h e increas ingly l i m i t e d 
s u p p l y o f organic f e r t i l i ze r s r e q u i r e d t o app ly t o larger c u l t i v a t e d areas. 
H o w e v e r , i n some regions t h i s has increased. In t h e Sahel, t h e i n t e n s i t y has 
increased f r o m 2 2 7 k g ha1 t o 8 1 6 k g ha1 and i n t h e Sudan ian zone f r o m 3 2 6 k g 
ha 1 t o 7 0 1 k g ha 1 . I n cont ras t , i n t h e G u i n e a n zone, t h e use o f organic 
f e r t i l i z e r s s ign i f i can t ly decreased f r o m 1 5 5 0 k g ha 1 t o 4 6 0 k g ha 1 . 
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T a b l e 5 . C r o s s - t a b u l a t i o n o f u p t a k e o r g a n i c a n d / o r i n o r g a n i c fer t i l i zers b y r e g i o n i n 
1 9 8 5 a n d 2 0 0 1 . 
Sample size 
No fertilizers (%) 
Organic only (%) 
Mineral only (%) 
Both (%) 
Region 
Djibo (Sahel) 
1985 2001 
30 
3 6 7 6.3 
63.3 42.5 
0 6.3 
0 45.0 
Yako (Sudanian) 
1985 2001 
36 
5.6 6.3 
66.7 31.3 
0 2.5 
27.8 60.0 
Boromo (Guinean) 
1985 
6.1 
0 
16.3 
77.6 
2001 
49 
13.8 
10.0 
27.5 
48.8 
Total 
1985 2001 
115 
13.9 8.8 
37.4 27.9 
7.0 12.1 
41.7 51.3 
Source: ICRISAT data 1985 and 2002. 
Table 6 . Inorganic a n d organic ferti l izer use - intensit ies by region in 1985 a n d 2 0 0 1 . 
Region 
Djibo (Sahel) Yako (Sudanian) Boromo (Guinean) Total 
Fertilizer type 1985 
Organic Mean 227 
SD 508 
Inorganic Mean 0.0 
SD 0.0 
2001 1985 
816 326 
920 363 
2.69 4.63 
7.89 9.98 
2001 1985 
701 1550 
667 1927 
23.87 35.5 
32.64 20.26 
2001 1985 2001 
459 821 659 
762 1438 801 
41.84 16.58 22.80 
45.33 21.79 36.18 
Source: ICRISAT data 1985 and 2002. 
I n a l l regions , t h e i n t e n s i t y o f ino rgan ic f e r t i l i z e r use has increased . O n 
average i n a l l regions , t h e i n t e n s i t y has inc reased f r o m 1 7 k g ha 1 t o 2 3 k g ha 1 . 
T h e i n t e n s i t y d i f f e r s b y r e g i o n . I n t h e Sahel t h e average f e r t i l i z e r use i s 
e s t i m a t e d t o have inc reased f r o m n o n e t o a b o u t 3 k g ha 1 . I n t h e Sudan ian 
zone , t h i s has inc reased f r o m a b o u t 5 k g ha 1 t o 2 4 k g ha 1 a n d i n t h e G u i n e a n 
z o n e f r o m 3 6 k g ha 1 t o 4 2 k g ha 1 . 
H o u s e h o l d s a p p l y m o r e ino rgan ic f e r t i l i ze r s o n cash c rops t h a n 
subsis tence c rops . For e x a m p l e , in 1985 househo lds a p p l i e d less t h a n 1 kg ha 1 
o f f e r t i l i z e r s o n p e a r l m i l l e t , a b o u t 1 k g o n s o r g h u m , a b o u t 5 5 k g ha 1 o n ma ize 
a n d 1 3 7 k g ha 1 o n c o t t o n (Table 7 ) . S i m i l a r t r e n d s are obse rved i n 2 0 0 1 . T h e 
i n t e n s i t y o f f e r t i l i z e r use increases w i t h t h e c o m m e r c i a l va lue o f t h e c r o p . 
A l t h o u g h f e r t i l i z e r use has increased , i t s a p p l i c a t i o n i s s t i l l b e l o w 
r e c o m m e n d e d rates f r o m p u b l i c research a n d e x t e n s i o n i n s t i t u t i o n s . 
3 8 
Table 7 . Intensity of organ ic a n d inorganic fert i l izer u s e - by c rop in 1985 a n d 2 0 0 1 . 
Principal crop 
Pearl millet 
Local white sorghum 
Local red sorghum 
Improved sorghum 
Maize 
Rice 
Groundnut 
Cowpea 
Sesame 
Red pepper 
Sweet potatoes 
Okra 
Eggplant 
Cotton 
Tobacco 
Onions 
Tomatoes 
Inorganic fertilizers 
1985 
0.86 
6.58 
1.288 
2.19 
54.89 
7.93 
2.40 
13.74 
0 
0 
0 
11 
0 
137 
0 
0 
0 
2001 
8.02 
15.68 
28.69 
28.57 
26.43 
51.64 
1.33 
9.90 
15.38 
10.04 
13.03 
19.18 
0 
85 
0 
234 
330 
Organic fertilizers 
1985 
201.57 
598.14 
419.54 
222.58 
10232 
0 
112.85 
0 
0 
0 
0 
1244 
998 
1870 
0 
0 
0 
2001 
619.21 
391.99 
808.48 
0.00 
1638.76 
85.51 
153.08 
445.26 
92.31 
133.93 
582 
957.34 
0 
448 
500 
503 
382 
Source: ICRISAT data 1985 and 2002. 
Ownership of draft animal and agricultural equipment 
O w n e r s h i p o f d r a f t an imals and a g r i c u l t u r a l e q u i p m e n t has s ign i f i can t ly 
increased . I n 1 9 8 5 a b o u t 5 0 % o f househo lds d i d n o t o w n a d r a f t a n i m a l . T h i s 
has decreased t o 3 3 % i n 2 0 0 1 (Table 8 ) . 
D u r i n g t h e last 1 5 years, t h e p r o p o r t i o n o f f a rmers o w n i n g o n l y one p iece 
o f a n i m a l t r a c t i o n e q u i p m e n t has decreased (Table 9 ) . Increas ing u p t a k e a n d 
o w n e r s h i p o f t r a c t i o n e q u i p m e n t can b e a t t r i b u t e d t o access t o a l t e rna t ive 
sources o f n o n - f a r m i n c o m e . I n e f fec t , n o n - f a r m i n c o m e grea t ly affects t h e 
a d o p t i o n o f expens ive a n i m a l t r a c t i o n e q u i p m e n t (Savadogo e t a l . 1 9 9 4 ) . 
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Table 8 . Ownersh ip of draft an imals (%) by region in 1985 a n d 2 0 0 1 . 
Draft animal 
Region 
Djibo (Sahel) Yako (Sudanian) Boromo (Guinean) Total 
1985 2001 1985 2001 1985 2001 1985 2001 
Do not own 73 69 58 13 31 13 50 33 
Oxen 17 18 12 19 22 73 34 36 
Donkeys 7 9 28 54 50 14 12 25 
Horses 0 4 11 14 0 0 3 6 
Source: ICRISAT data 1985 and 2002. 
Table 9 . O w n e r s h i p of agr icul tural e q u i p m e n t (%) by reg ion in 1985 a n d 2 0 0 1 . 
Agricultural 
equipment 
Hand tools 
Plow 
Weeder 
Ridger 
Seeder 
Phytosanitary 
equipment 
Djibo (Sahel) 
1985 
77 
23 
23 
0 
0 
2001 
57 
47 
3 
3 
0 
Region 
Yako (Sudanian) 
1985 
56 
6 
36 
3 
0 
0 0 0 
2001 
17 
73 
20 
0 
100 
0 
Boromo (Guinean) 
1985 
43 
56 
36 
22 
0 
0 
2001 
22 
86 
0 
47 
2 
24 
Total 
1985 2001 
56 30 
30 67 
30 1 
10 20 
0 2 
0 10 
Source: ICRISAT data 1985 and 2002. 
Income sources 
H o u s e h o l d s d i v e r s i f y ove r a range o f f a r m a n d n o n - f a r m ac t iv i t i e s . T h e y 
i n c l u d e a g r i c u l t u r a l a c t i v i t i e s i n c l u d i n g c r o p p r o d u c t i o n a n d e m p l o y m e n t i n 
t h e a g r i c u l t u r a l sector . D u r i n g t h e last 2 0 years, c o t t o n has b e c o m e a n 
i m p o r t a n t cash c r o p t o w h i c h f a rmers , especia l ly i n t h e G u i n e a n zone , 
d ive r s i fy . O t h e r f a r m ac t iv i t i e s i n c l u d e l i v e s t o c k rea r ing . N o n - f a r m ac t i v i t i e s 
i n c l u d e c o m m e r c e , a r t o r c ra f t -based ac t iv i t i e s , c o n s t r u c t i o n , services l i k e 
se l l ing p r e p a r e d f o o d p r o d u c t s , v e h i c l e repai rs a n d t r a n s p o r t a t i o n , n o n -
a g r i c u l t u r a l wages, g a t h e r i n g w o o d a n d i n c o m e f r o m t ransfers t o places 
o u t s i d e t h e r e g i o n . 
T h e r e l a t i ve roles o f c r o p p i n g a n d a g r i c u l t u r a l wages, l i v e s t o c k 
husbandry , o f f - f a r m e m p l o y m e n t ( w i t h i n - z o n e versus ou t s ide -zone o r 
m i g r a n t ) , a n d t ransfers i n 1 9 8 5 a n d 2 0 0 1 a n d across regions are h i g h l i g h t e d i n 
Table 10 . 
Crop production and agricultural wage income 
C r o p a n d l i v e s t o c k r e m a i n t h e p r i n c i p a l sources o f i n c o m e f o r househo lds 
a c c o u n t i n g f o r m o r e t h a n 8 2 % o f r u r a l i n c o m e i n 2 0 0 1 c o m p a r e d w i t h 7 6 % i n 
1 9 8 5 . N o n - f a r m sources a c c o u n t f o r a b o u t 2 0 % . H o w e v e r , i n 1985 a b o u t 2 5 % 
o f r u r a l i n c o m e c a m e f r o m n o n - f a r m sources. T h i s i s cons i s t en t w i t h f i n d i n g s 
b y R e a r d o n e t a l ( 1 9 9 2 ) . I n t h e 1990s t h e i n t r o d u c t i o n o f a cash c r o p such a s 
c o t t o n s u p p o r t e d b y a w e l l - d e v e l o p e d p r o d u c t m a r k e t has i n d u c e d f a r m e r s t o 
d i v e r s i f y a g r i c u l t u r a l p rac t i ces t o w a r d s c o t t o n p r o d u c t i o n . W h i l e c o t t o n 
r ep re sen t ed , o n average, 3 % o f t o t a l a g r i c u l t u r a l i n c o m e i n 1 9 8 5 , t h i s has 
inc reased a b o u t 2 0 % i n 2 0 0 1 . I n c o m e sources d i f f e r s i gn i f i c an t l y b y r e g i o n . 
For t h e G u i n e a n zone, i .e . B o r o m o , i n 1 9 8 5 , 1 2 8 5 3 F C F A / A E ( a d u l t 
e q u i v a l e n t ) c a m e f r o m t h e a g r i c u l t u r a l sec tor ( e x c l u d i n g l i v e s t o c k b u t 
i n c l u d i n g f a r m wage i n c o m e ) , o r 2 9 % o f i n c o m e (Table 1 0 ) . I n t h e Sahel , i .e . 
D j i b o , a g r i c u l t u r e accoun t s f o r 2 3 % o f i n c o m e . I n 2 0 0 1 , t h e abso lu te 
i m p o r t a n c e o f these sources has s i g n i f i c a n t l y changed . I n t h e G u i n e a n zone 
househo lds genera te 3 7 3 5 8 F C F A / A E o f t o t a l i n c o m e b u t o n l y 1 7 4 0 1 
F C F A / A E i n t h e Sahel ian zone (Table 1 0 ) . T h i s i s l a rge ly e x p l a i n e d b y t h e 
e x p a n s i o n o f c o t t o n p r o d u c t i o n i n t h e G u i n e a n zone . C o t t o n accoun t s f o r 
4 6 % o f t o t a l a g r i c u l t u r a l i n c o m e . T h i s i s cons i s t en t w i t h f i n d i n g s i n s i m i l a r 
e n v i r o n m e n t s i n t h e C M D T zone o f s o u t h e r n M a l i w h e r e c o t t o n represents 
4 4 % o f a g r i c u l t u r a l i n c o m e ( A b d u l a i a n d C r o l e Ress 2 0 0 2 ) . 
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T a b l e 1 0 . H o u s e h o l d i n c o m e s o u r c e s ( leve ls ) i n t h e s a m p l e b y r e g i o n i n 1 9 8 5 a n d 
2 0 0 1 ( In F r a n c s C F A p e r a d u l t e q u i v a l e n t p e r a n n u m . A l l l eve ls r o u n d e d t o n e a r e s t 10 ) . 
Income source 
Agriculture 
Crop production 
Agri wage 
Cotton 
Livestock 
Livestock 
Local non-farm 
Commerce 
Artisanal 
Construction 
Services 
Non-agric wage 
Gathering 
Region 
Djibo (Sahel) 
1985 
12405 
n.a. 
0 
28997 
572 
5183 
3674 
2906 
n.a. 
n.a. 
Non-local non-farm 
Transfers 
Per capita income 
n.a. 
53739 
2001 
17401 
5675 
0 
17723 
5597 
1894 
196 
1743 
1126 
194 
4030 
55582 
Yako (Sudanian) 
1985 
17343 
n.a. 
0 
14130 
3056 
1848 
15 
1296 
n.a. 
n.a. 
n.a. 
37383 
2001 
31620 
951 
0 
11078 
1056 
83. 
200 
1167 
394 
4 
8034 
54695 
Boromo 
1985 
12853 
n.a. 
990 
19385 
2117 
9784 
39 
701.57 
n.a. 
n.a. 
n.a. 
44564 
(Guinean) 
2001 
37358 
287 
17359 
32710 
2984 
1020 
866 
1066 
1275 
51 
1231 
78465 
Total 
1985 
14142 
0 
422 
20248 
2084 
6004 
963 
1463 
n.a. 
n.a 
n.a. 
44710 
2001 
28793 
2305 
5789 
20503 
3212 
999 
132 
1325 
932 
83 
4432 
62914 
Crop production: The value at producer prices of all crop production harvested after the 1985 rainy season, less the value 
of inputs used during that season. 
Agricultural wages: Wages received during the 1985 cropping season, working on other households' plots in the 
immediate region (i.e. not migratory work). 
Livestock husbandry: Net sales plus home consumption of livestock. 
Non-agricultural income earned locally (in the zone): This is non-migratory work income earned in occupations other 
than cropping and livestock husbandry. Income here is net: gross income minus expenses. The activities include: 
construction, non-livestock commerce, artisanal (e.g. making mats, baskets, weaving); gathering (wood gathering for sale), 
services (prepared food products, transport and vehicle repair). 
Non-agricultural income earned outside the zone (either within the country or in foreign countries): remittances 
sent to the household by its own members working abroad, or brought back by the latter after migratory work. The work 
could have been in the agricultural sector outside of their zone. "Non-agricultural" thus refers to lack of relation with the 
zone's agricultural sector. 
Transfers: transfers from persons not from the household, outside the region (family members living permanently in Cote d' 
(voire or Ouagadougou or Mali). 
Source: ICRISAT data 1985 and 2002. 
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T h e a g r i c u l t u r a l l abo r m a r k e t i s v e r y l i m i t e d i n b o t h zones. T h e Sahel i s 
m o r e l i m i t e d t h a n t h e Sudan ian zone because seasonal i ty i s m o r e p r o n o u n c e d 
a n d c u l t i v a t i o n p rac t i ces d i f f e r (e.g. t h e r e i s n o c l ea r ing a n d v e r y l i t t l e p r e -
season c u l t i v a t i o n ) . Average aggregate i n c o m e pe r A E was a p p r o x i m a t e l y 1 7 % 
grea ter i n t h e Sahel t h a n i n t h e G u i n e a n zone i n 1 9 8 5 . T h i s s i gn i f i c an t l y 
c h a n g e d t o 2 9 % grea ter i n t h e G u i n e a n t h a n i n t h e Sahel zone i n 2 0 0 1 . T h e 
m a j o r d i f f e r e n c e b e t w e e n s t ra ta i n c o m e s i s d u e t o d i f fe rences i n n o n -
c r o p p i n g , non- t r ans fe r i n c o m e ( l i ve s tock i n c o m e a n d earnings f r o m loca l a n d 
n o n - l o c a l n o n - f a r m o c c u p a t i o n s ) . I n 1 9 8 5 7 7 % o f i n c o m e s i n t h e Sahel c a m e 
f r o m n o n - c r o p p i n g , non- t r ans fe r i n c o m e c o m p a r e d w i t h 7 1 % i n t h e G u i n e a n 
zone . T h i s r e l a t i ve share has d r o p p e d s ign i f i can t ly i n b o t h zones i n 2 0 0 1 t o 
5 8 % i n t h e Sahel a n d 5 1 % i n t h e G u i n e a n zone. 
Livestock husbandry 
L i v e s t o c k are a s tore of w e a l t h t h a t serve as an i m p o r t a n t insurance 
m e c h a n i s m i n t h a t t h e y can b e so ld i n p o o r c r o p p r o d u c t i o n years t o p r o v i d e 
p u r c h a s i n g p o w e r f o r g ra in c o n s u m p t i o n . For reasons a l ready desc r ibed , 
l i v e s t o c k i n c o m e s are abou t t w o t i m e s greater i n t h e Sahel t h a n i n t h e 
Sudan ian zone - 2 8 9 9 7 F C F A / A E vs. 1 9 3 8 5 F C F A / A E . H o w e v e r , t h i s t r e n d 
has s h i f t e d . L i v e s t o c k i n c o m e s are a b o u t t w o t i m e s m o r e i n t h e G u i n e a n t h a n 
t h e Sahel ian zone - 3 2 7 1 0 F C F A / A E versus 1 7 723 F C F A / A E . T h i s change 
s u p p o r t s t h e ev idence t h a t r evenue f r o m a g r i c u l t u r e a n d especia l ly d e r i v e d 
f r o m c o t t o n i s i n v e s t e d l i ve s tock a s t h e m a i n s tore o f w e a l t h . 
Local non-farm income 
I n t h e Sudan ian zone i n 1 9 8 5 , a subs tan t ia l p o r t i o n o f n o n - f a r m e m p l o y m e n t 
was c lose ly i n t e r l i n k e d w i t h t h e l oca l cereal e c o n o m y , o n b o t h t h e i n p u t a n d 
o u t p u t sides, a s w e l l a s w i t h l oca l e f f ec t i ve d e m a n d . L o c a l n o n - f a r m i n c o m e 
was d e r i v e d a l m o s t e n t i r e l y f r o m ar t i sanal m a n u f a c t u r e o f ma t s , baskets a n d 
too ls , a n d services ( p r i m a r i l y s o r g h u m beer -mak ing) (Table 1 0 ) . These ac t iv i t ies 
are r e l a t ive ly dependen t , o n e i t he r t h e i n p u t o r o u t p u t side d e p e n d i n g o n t h e 
ac t iv i ty , o n t h e loca l ag r i cu l tu ra l economy. T h e t o t a l i n c o m e f r o m these 
occupa t ions was 2 8 % o f i n c o m e ; i n 2 0 0 1 th i s share h a d decreased t o a b o u t 9%. 
I n t h e Sahel i n 1 9 8 5 , 1 2 3 3 5 F C F A / A E o r 2 3 % o f i n c o m e was ea rned 
l oca l l y i n n o n - f a r m occupa t i ons . T h i s i s c o m p o s e d p r i m a r i l y o f c o m m e r c e i n 
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cola n u t s ( n o t g r o w n i n zone) a n d art isanal m a n u f a c t u r e o f n o n - f o o d 
c o n s u m p t i o n goods. T h e balance i s c o m p o s e d o f r e l a t i ve ly sma l l a m o u n t s o f 
c o n s t r u c t i o n earnings ( t h e b u l k o f t h i s sor t o f a c t i v i t y i s c a r r i e d o u t a s p a r t o f 
m i g r a t i o n ac t iv i t i e s i n c l u d e d u n d e r n o n - l o c a l i n c o m e ) a n d services (ve ry l i t t l e 
o f w h i c h i nc ludes f o o d p r e p a r a t i o n ) . 
W h i l e t h e m a j o r i t y o f loca l n o n - f a r m i n c o m e i n t h e Sudanian zone 
sample i s s o r g h u m b e e r - b r e w i n g ( w h i c h i s c losely r e l a t e d to t h e loca l cereal 
e c o n o m y ) , t h e m a j o r i t y o f t h e same t y p e o f i n c o m e i n t h e Sahel sample i s i n 
c o m m e r c e , u n r e l a t e d t o loca l c r o p supply, a n d ar t isanal manufac tu r e s . T h e 
e f f ec t ive d e m a n d f o r ar t isanal m a n u f a c t u r e i s r o o t e d i n ove ra l l i n c o m e , w h i c h 
i s m o s t l y d e r i v e d f r o m sources u n r e l a t e d o r o n l y i n d i r e c t l y l i n k e d t o t h e loca l 
cereal e c o n o m y . 
Non-local off-farm income and transfer 
I n 2 0 0 1 househo lds i n t h e Sahel ea rned 4 0 3 0 F C F A / A E o r 7 % o f i n c o m e i n 
e i t h e r c r o p p i n g o r n o n - c r o p p i n g - r e l a t e d ac t iv i t i e s p e r f o r m e d d u r i n g t h e 
p e r i o d spent a s m i g r a n t . H o w e v e r , i n t h e Sudan ian zone 7 2 6 2 F C F A / A E o r 
2 % o f i n c o m e i s d e r i v e d p r i m a r i l y f r o m t h i s t y p e o f e m p l o y m e n t . These 
occupa t ions i n c l u d e b o t h n o n - a g r i c u l t u r a l ( m i n i n g , w e l l - d i g g i n g e tc . ) a n d 
a g r i c u l t u r a l ( p l a n t a t i o n labor e tc . ) ac t iv i t i e s . A g r i c u l t u r a l ac t iv i t i e s t o o k p lace 
a l m o s t exc lus ive ly i n coastal coun t r i e s m u c h less a f f ec t ed b y t h e d r o u g h t t h a n 
those u n d e r s t udy here . 
Drivers of diversification 
T h e s i m u l t a n e o u s q u a n t i l e regressions m o d e l i n g t h e d e t e r m i n a n t s o f i n c o m e 
d i v e r s i f i c a t i o n a s m e a s u r e d b y t h e c r o p share o f t o t a l i n c o m e are p r e s e n t e d i n 
Table 1 1 . T h e r e p o r t e d spec i f ica t ions h i g h l i g h t coe f f i c i en t s d e r i v e d f o r t h e 
0 . 2 5 . 0 . 5 0 a n d 0 .75 q u a n t i l e regressions. 
For h o u s e h o l d s i n t h e l o w e s t 2 5 % o f c r o p share t o t o t a l i n c o m e , t h e r e i s 
e v i d e n c e t h a t i n c o m e d i v e r s i f i c a t i o n i s p o s i t i v e l y associa ted t o pe r cap i t a 
i n c o m e i n d i c a t i n g t h a t a s i n c o m e rises t h e r e i s g rea te r d i v e r s i f i c a t i o n away 
f r o m c r o p s t o w a r d s a l t e r n a t i v e i n c o m e g e n e r a t i n g ac t i v i t i e s ( C o l u m n 1 , 
Tab le 1 1 ) . T h e r e i s also suggested ev idence t h a t households l oca t ed i n t h e 
G u i n e a n zone t e n d t o b e m o r e d i v e r s i f i e d t h a n households l o c a t e d i n t h e 
Sahel ian zone . T h i s i s la rge ly d u e t o b e t t e r access t o i n p u t a n d p r o d u c t s 
m a r k e t s , b e t t e r r o a d access ib i l i ty a n d access t o a h i g h va lue c r o p , c o t t o n , a l l o f 
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w h i c h a l l o w f o r h i g h e r p r o d u c t i v i t y a g r i c u l t u r e a n d a v a r i e t y o f e m p l o y m e n t 
o p t i o n s ( t h i s i s cons i s t en t w i t h f ind ings b y B l o c k a n d W e b b 2 0 0 2 ) . 
F u r t h e r m o r e , p e r c a p i t a c u l t i v a t e d area exe r t s p o s i t i v e assoc ia t ion w i t h 
i n c o m e d i v e r s i f i c a t i o n . T h e r e s u l t i s c o n s i s t e n t w i t h f i n d i n g s r e p o r t e d b y 
R e a r d o n e t a l . ( 1 9 9 2 ) f o r t h e S u d a n i a n zone o f B u r k i n a Faso suggest ing 
g rea te r l a n d h o l d i n g s means g rea te r d i v e r s i f i c a t i o n . T h i s f i n d i n g a c t u a l l y 
l ends s u p p o r t t o t h e n o t i o n t h a t l a n d increases h o u s e h o l d i n v e s t m e n t i n n o n -
c r o p p i n g a c t i v i t i e s b y p r o v i d i n g , d i r e c t l y o r i n d i r e c t l y , t h e c a p i t a l needs t o 
i n v e s t ( E l l i s 2 0 0 0 ) . 
T h e c o e f f i c i e n t f o r f a m i l y size i s negat ive a n d s t a t i s t i ca l ly s ign i f i can t . 
H o w e v e r , t h e c o e f f i c i e n t o n t h e t o t a l w o r k f o r c e a n d age o f h o u s e h o l d h e a d 
are p o s i t i v e l y associated w i t h c r o p d i v e r s i f i c a t i o n b u t i n s ign i f i can t . I n e f fec t , 
r e l a t i v e l y m o r e es tab l i shed househo lds w i t h h i g h l abo r fo r ce b u t l o w f a m i l y 
size d e r i v e a large share o f i n c o m e o u t s i d e c r o p p i n g ( B a r r e t t a n d R e a r d o n 
2 0 0 0 ) . T h e l eve l o f l i v e s t o c k o w n e r s h i p i s nega t ive ly associated w i t h i n c o m e 
d i v e r s i f i c a t i o n . 
For househo lds i n t h e u p p e r 7 5 % o f c r o p share t o t o t a l i n c o m e , t h e same 
p a t t e r n i s f o u n d e x c e p t t h a t m o s t o f t h e coe f f i c i en t s are n o t s ign i f i can t b u t 
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T a b l e 1 1 . D e t e r m i n a n t s o f c r o p s h a r e s o f i n c o m e ( q u a n t i l e r e g r e s s i o n a t 0 . 2 5 , 0 . 5 0 a n d 
0 . 7 5 ) . 
Variable 
Family size 
Age of household head 
Total work force 
Per capita area cultivated 
Region 
Perceived value of owned equipment 
Per capita income 
Total value of livestock 
Constant 
Quantile 
Q25 
-1.106(0.616)* 
0.138(0.138) 
0.337(1.210) 
3.691 (2.153)* 
9.278 (2.360)** 
0.000 (0.000) 
0.000 (0.000)* 
-0.000 (0.000) 
13.509(11.412) 
test [q25]region = (q75]region [F(1,231)=0.53] ( Not different) 
test [q25]cequip= [q75)cequip [F(1,231)=1.48] (Not different) 
test [q25]perinc= [q75]perinc [Prob>F=0.1724] (Not different) 
test [q25]eleva1= [q75]eleva1 [F(1,231 )=2.54] (Different) 
*** significant at 1%. 
** significant at 5%. 
* significant at 10%. 
Q50 
-0.895 (0.577) 
0.163(0.176) 
-0.706(1.447) 
0.753 (2.227) 
13.997(4.449)*** 
0.000 (0.000) 
0.000 (0.000) 
-0.000 (0.000)* 
30.380(16.023)* 
Q75 
-0.881 (0.605) 
0.124(0.171) 
-0.255(1.263) 
1.441 (2.141) 
12.110 (3.089)*** 
0.000 (0.000) 
0.000 (0.000) 
-.001 (0.000)** 
50.145(10.999)*** 
Number of obs =240 
25 Pseudo R2=0.1074 
50 Pseudo R2=0.1167 
75 Pseudo R2=0.1546 
have t h e e x p e c t e d s ign ( C o l u m n 3 , Table 1 1 ) . T h e r e i s s t r o n g e v i d e n c e t h a t 
r e g i o n i s associated w i t h d i v e r s i f i c a t i o n a n d l i v e s t o c k h o l d i n g s are nega t ive ly 
associated w i t h d i v e r s i f i c a t i o n . 
Conclusions and implications 
T h e resul ts o f t h i s s t u d y are based o n a l i m i t e d s a m p l e o f 115 househo lds i n 
t h e Sahel ian, Sudan ian a n d G u i n e a n zones. T h u s , w e c a n n o t c l a i m t h a t t h e 
f ind ings can be genera l ized . Never the le s s , t h e y are h i g h l i g h t e d as p o t e n t i a l 
hypo theses t h a t c o u l d b e p u r s u e d t o g u i d e f u t u r e research. W i t h t h a t caveat i n 
m i n d , a n u m b e r o f research, d e v e l o p m e n t a n d p o l i c y i m p l i c a t i o n s are 
discussed be low, based on t h e above resul ts . 
U p t a k e o f i m p r o v e d t echno log ies (e.g. inorgan ic f e r t i l i z e r s ) has 
s ign i f i can t ly increased . D i v e r s i f i c a t i o n i n t o cash c rops c o u l d i n d u c e 
househo lds t o inves t i n f e r t i l i ze r s o r o t h e r i m p r o v e d t echno log ies . D u r i n g t h e 
last 2 0 years, a n d desp i t e i n v e s t m e n t i n i n f o r m a t i o n d i s s e m i n a t i o n , 
households are a p p l y i n g f e r t i l i ze r s b e l o w t h e r e c o m m e n d e d rates. 
I n p o l i c y f o r m u l a t i o n r u r a l househo lds are o f t e n u n i q u e l y t r e a t e d a s c r o p 
p roduce r s , o r a t m o s t a s c r o p a n d l i ves tock p r o d u c e r s . T h e consequence o f 
l o o k i n g a t t h e m t h i s w a y i s t h a t t h e p o l i c y m a k e r o r t e c h n o l o g y des igner 
bel ieves t h a t t h e r u r a l h o u s e h o l d i s c o m p a r i n g n e t ea rn ing levels a n d 
v a r i a b i l i t y o f var ious o p t i o n s o n l y w i t h i n t h e f a r m sector. E x a m p l e s w o u l d b e 
w h e t h e r o r n o t t o inves t m o n e y i n a d r a f t a n i m a l , o r t o g r o w c o t t o n a s o p p o s e d 
t o g ra in . 
I n con t ras t w i t h t h i s un i - s ec to ra l v i e w o f t h e r u r a l h o u s e h o l d , t h e t y p i c a l 
h o u s e h o l d i n o u r sample e a r n e d a b o u t o n e - h a l f o f t o t a l earnings f r o m 
c r o p p i n g o r l i ve s tock ac t iv i t i e s w i t h t h e rest b e i n g d e r i v e d f r o m o f f - f a r m 
businesses, m i g r a t i o n r e m i t t a n c e s a n d t ransfers . T h e a p p r o p r i a t e in fe rence i s 
t h a t w h e n t h e h o u s e h o l d i s d e c i d i n g o n w h e r e t o inves t i t s m o n e y o r use i t s 
l abor t i m e , i t evaluates ea rn ing p o t e n t i a l across t h e var ious c r o p , l i v e s t o c k a n d 
n o n - f a r m sectors . O u r resul ts c o n f i r m t h i s o n a n i n c o m e basis (as o p p o s e d t o 
a labor-use basis). 
F u r t h e r m o r e , g iven e x t r e m e in te r -annua l va r i ab i l i t y i n c r o p p i n g ou tcomes , 
o p p o r t u n i t y costs m a y be re l a t ive ly h igher in those sectors t h a t are r e l a t ive ly less 
a f fec ted b y t h a t v a r i a b i l i t y ( a l t hough th i s i s n o t q u a n t i f i e d i n t h i s pape r ) . 
C o n s e q u e n t l y w e f i n d t h a t households disperse t h e i r t i m e a n d m o n e y 
inves tmen t s over a w i d e range o f sectors a n d locat ions. T h e leve l and s tab i l i ty o f 
earning appears to be pe rce ived as greater in t h e n o n - c r o p p i n g ac t iv i t ies . 
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T h e s e f i n d i n g s are e q u a l l y r e l evan t t o a g r i c u l t u r a l research a n d e x t e n s i o n 
strategies. G i v e n t h a t r u r a l househo lds are n o t c o n s t r a i n e d t o inves t t h e i r 
f u n d s a n d t i m e i n c r o p p i n g , a n d appear sensi t ive t o i n t e r - s ec to r a l r e l a t i v e n e t 
r e t u r n s , i t m a y b e d i f f i c u l t t o persuade r u r a l househo lds t o i n t e n s i f y t h e i r 
c r o p p i n g t h r o u g h grea ter labor , c a p i t a l o r var iab le i n p u t use, s ince these same 
resources p r o v i d e a n i m p o r t a n t r i s k avers ion f u n c t i o n e l sewhere . T h i s i s 
cons i s t en t w i t h a f i n d i n g e l s ewhe re f o r B u r k i n a Faso t h a t f a r m e r s w h o chose 
n o t t o a d o p t a n i m a l t r a c t i o n w e r e i n f ac t m u c h m o r e heav i l y engaged i n 
c o m m e r c e t h a n those w h o d i d ( B a r r e t t e t a l . 1 9 8 2 ) . 
I n a r e l a t e d a r g u m e n t , i t c a n b e s h o w n t h a t l a b o r saving t e c h n i c a l change 
i n a g r i c u l t u r e does n o t t r ans la te necessari ly i n t o a r e d u c t i o n o f l abo r d e m a n d 
o r o p p o r t u n i t y f o r sale o f l abo r i n t h e o v e r a l l r u r a l e c o n o m y . T h a t is, a n 
increase i n f a r m i n c o m e c o m i n g f r o m a p r o d u c t i v i t y increase c o u l d t rans la te 
i n t o a n increase i n d e m a n d f o r t h e o u t p u t o f o f f - f a r m ac t iv i t i e s . D e r i v e d l abor 
d e m a n d f r o m o f f - f a r m ac t iv i t i e s c o u l d absorb t h e l abo r t h a t h a d b e e n f r e e d 
f r o m a g r i c u l t u r a l tasks. Converse ly , i f c r o p p i n g b e c o m e s m u c h m o r e p r o f i t a b l e 
because o f l abor p r o d u c t i v i t y increas ing t echno logy , t h e n househo lds m a y 
choose t o a l loca te m o r e l abor t o c r o p p i n g a n d less t o n o n - f a r m ac t iv i t i e s . 
H o w e v e r , i f t h e increase i n p r o d u c t i v i t y w e r e i n s u f f i c i e n t o r t o o va r iab le t o 
l e ad t o a sh i f t i n h o u s e h o l d i n c o m e s t ra tegy t o w a r d c r o p p i n g , t h e n househo lds 
w o u l d p r o b a b l y choose t o use t h e l abo r f r e e d f r o m c r o p p i n g tasks i n o f f - f a r m 
i n c o m e gene ra t ing ac t i v i t i e s . T h i s w o u l d , o f course , d e p e n d o n t h e househo lds ' 
d e m a n d f o r le i sure f u n c t i o n . 
S a m p l e househo lds are h i g h l y i n v o l v e d i n m a r k e t a c t i v i t y t o genera te 
b o t h i n c o m e a n d f o o d . C o n v e n t i o n a l l y i n p o l i c y discussions, r u r a l househo lds 
in A f r i c a - espec ia l ly in t h e s e m i - a r i d zones - are v i e w e d as subsis tence 
p r o d u c e r s ; a t m o s t t h e y m a y have some surp lus g r a in w h i c h i s s o l d t o u r b a n 
areas. T h e consequence o f t h i s v i e w i s t h a t d e m a n d - s i d e p r i c e a n d m a r k e t i n g 
po l i c i e s are c o n s i d e r e d t o have a n in s ign i f i can t e f f e c t o n r u r a l househo lds . I n 
con t r a s t w i t h t h i s v i e w , w e have f o u n d t h a t f r o m o n e - h a l f t o t h r e e - q u a r t e r s o f 
h o u s e h o l d i n c o m e c o m e s f r o m i n t e r a c t i o n w i t h t h e n o n - a g r i c u l t u r a l m a r k e t . 
W h i l e cerea l sales are a v e r y s m a l l p a r t o f i n c o m e i n b a d years s u c h a s t h e o n e 
su rveyed , ce rea l purchases are a n i m p o r t a n t p a r t o f t h e d i e t (see R e a r d o n a n d 
M a t l o n 1 9 8 7 ) . I n fac t , t h e degree o f v u l n e r a b i l i t y t o c r o p p i n g o u t c o m e s i s 
inverse ly r e l a t e d t o d e p e n d e n c y o n t h e m a r k e t f r o m b o t h t h e i n c o m e a n d 
e x p e n d i t u r e s ide . 
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Dynamics of household livelihood strategies: 
Implications for agricultural research 
H Ade Freeman1 and Frank Ellis2 
Introduct ion 
R u r a l househo lds i n l o w - i n c o m e c o u n t r i e s are p u r s u i n g d ive rse l i v e l i h o o d 
strategies d e r i v i n g i n c o m e f r o m a w i d e range o f f a r m , o f f f a r m , a n d n o n - f a r m 
sources ( R e a r d o n 1 9 9 7 ; E l l i s 1 9 9 8 ; B r y c e s o n 2 0 0 0 ; E l l i s 2 0 0 0 ; B a r r e t t e t a l . 
(b ) 2 0 0 1 ) . T h e r e i s also ev idence t h a t t h e share o f n o n - f a r m i n c o m e i s 
increas ing i n t h e i n c o m e p o r t f o l i o o f r u r a l househo lds ( B r y c e s o n 2 0 0 0 ) . 
H o w e v e r , de sp i t e increas ing i n c o m e d i v e r s i f i c a t i o n , a g r i c u l t u r e r ema ins a n 
i m p o r t a n t i n c o m e source f o r a large p r o p o r t i o n o f r u r a l househo lds (E l l i s 
1 9 9 8 ; B r y c e s o n 2 0 0 0 ; I F A D 2 0 0 1 ; O r r a n d O r r 2 0 0 2 ) . M o r e o v e r , m o s t o f f -
f a r m d i v e r s i f i c a t i o n i n A f r i c a i s l i n k e d t o a g r i c u l t u r e t h r o u g h f o r w a r d a n d 
b a c k w a r d p r o d u c t i o n l inkages ( F A O 1 9 9 8 ) . 
I m p r o v e d t e c h n o l o g y a n d b e t t e r access t o m a r k e t s have b e e n i d e n t i f i e d 
a s c r u c i a l i n f o s t e r i n g b road-based g r o w t h , e n h a n c i n g susta inable m a n a g e m e n t 
o f n a t u r a l resources, a n d p o v e r t y r e d u c t i o n i n r u r a l areas (de Janvry and 
Sadou le t 2 0 0 0 ; I F A D 2 0 0 1 ; C s a k i 2 0 0 1 ; T r i p p 2 0 0 1 ) . Ye t , t h e r e i s scarce 
e m p i r i c a l ev idence o n t h e i m p l i c a t i o n s o f h o u s e h o l d l i v e l i h o o d strategies f o r 
t h e des ign a n d d e v e l o p m e n t o f a g r i c u l t u r a l t echno log ies and r u r a l i n s t i t u t i o n s 
t h a t b e n e f i t t h e poor . 
T h i s pape r u t i l i z e s m i c r o - l e v e l da ta o n h o u s e h o l d assets, a c t iv i t i e s a n d 
i n c o m e s t o e x a m i n e h o u s e h o l d l i v e l i h o o d strategies a n d d r a w i m p l i c a t i o n s f o r 
t h e des ign a n d d e v e l o p m e n t o f f u t u r e t echno log ies t h a t recognize t h e d i v e r s i t y 
o f h o u s e h o l d l i v e l i h o o d strategies a n d can s t i m u l a t e t h e g r o w t h o f t h e r u r a l 
n o n - f a r m sector. 
The case study 
T h e f i e l d w o r k c o m b i n e d p a r t i c i p a t o r y research m e t h o d s a n d a q u a n t i t a t i v e 
h o u s e h o l d su rvey t o e x a m i n e t h e l i v e l i h o o d p a t t e r n s a n d strategies o f r u r a l 
1. ICRISAT, Nairobi, Kenya. 
2. ODG, University of East Anglia, Norwich, UK. 
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i n d i v i d u a l s a n d househo lds . T h e p a r t i c i p a t o r y research i n v o l v e d a w e a l t h 
r a n k i n g exerc ise a n d focus g r o u p discussions f o r m e d a r o u n d p a r t i c u l a r 
ac t i v i t i e s o r issues. I n o t h e r instances, speci f ic u n d e r s t a n d i n g o f strategies a n d 
cons t r a in t s w e r e o b t a i n e d t h r o u g h discussions w i t h i n d i v i d u a l s a n d 
househo lds . T h e s ample survey t o o k p lace a t t h e same t i m e t h a t q u a l i t a t i v e , 
P a r t i c i p a t o r y Rura l A p p r a i s a l ( P R A ) w o r k was b e i n g c o n d u c t e d i n t h e v i l lage . 
H o u s e h o l d s w e r e s t r a t i f i e d based o n t h e w e a l t h r a n k i n g exercise t h a t 
ca t egor i zed househo lds i n t o poor , m i d d l e , a n d w e l l o f f . A r a n d o m sample was 
d r a w n f r o m h o u s e h o l d l is ts i n each i n c o m e - w e a l t h g r o u p . T h i s r e s u l t e d i n a 
f i n a l s ample o f 3 5 househo lds i n each v i l lage , 1 0 househo lds each f r o m t h e 
w e l l - o f f a n d m i d d l e categories , a n d 1 5 househo lds f r o m t h e p o o r category. 
T h e f i ve vil lages s t u d i e d t h u s p r o v i d e d a t o t a l s amp le o f 175 househo lds . 
T h e f i e l d w o r k f o r t h i s research was c o n d u c t e d i n Suba D i s t r i c t i n N y a n z a 
P rov ince . T h e d i s t r i c t was c a r v e d o u t o f H o m a Bay D i s t r i c t i n 1 9 9 5 , a n d i s 
l o c a t e d i n t h e s o u t h w e s t e r n p a r t o f N y a n z a a long L a k e V i c t o r i a . I t b o r d e r s 
K i s u m u a n d Siaya d i s t r i c t s t o t h e n o r t h , H o m a Bay D i s t r i c t t o t h e southeast , 
M i g o r i D i s t r i c t t o t h e s o u t h , t h e R e p u b l i c o f Tanzania t o t h e s o u t h w e s t a n d t h e 
Repub l i c o f U g a n d a t o t h e w e s t . Average annua l r a i n f a l l ranges f r o m 7 0 0 t o 
1 2 0 0 m m w i t h 6 0 % re l i ab i l i t y . T h e r e are t w o r a iny seasons: t h e l o n g rains 
o c c u r f r o m M a r c h t o M a y w h i l e t h e s h o r t rains o c c u r b e t w e e n A u g u s t a n d 
D e c e m b e r . Average t e m p e r a t u r e s range f r o m 1 7 . 1 0 ° C t o 3 4 . 8 ° C . 
T h e vi l lages se lec ted f o r t h e s t u d y i n Suba D i s t r i c t are l i s t e d i n Table 1 . 
These vil lages w e r e p u r p o s i v e l y se lec ted bea r ing i n m i n d p o v e r t y - r e l a t i v e 
w e a l t h cons ide ra t ions g iven t h e ove ra l l research focus o n p o v e r t y a n d f o o d 
insecur i ty . Vi l l ages d i f f e r e d i n t h e degree o f re l iance o n d i f f e r e n t n a t u r a l 
resources, m a r k e t access, i n f r a s t r u c t u r e a n d service s u p p o r t . 
Survey results 
I n c o m e a n d asset e n d o w m e n t s o f t h e sample househo lds b y i n c o m e q u a r t i l e 
are s h o w n i n Table 2 . E v e n t h o u g h l i v e l i h o o d s a n d i n c o m e are n o t 
s y n o n y m o u s , i n c o m e da ta p r o v i d e s a d i r e c t a n d measurab le o u t c o m e o f 
l i v e l i h o o d c i r cums tances a n d strategies (E l l i s 2 0 0 0 ) . T h e r e are subs tan t ia l 
d i f f e rences i n h o u s e h o l d i n c o m e s w i t h average p e r cap i t a i n c o m e i n t h e 
r i c h e s t househo lds 2 0 t i m e s h i g h e r t h a n t h a t f o r t h e poo re s t househo lds . 3 
Poorer househo lds also h a d sma l l e r e n d o w m e n t s o f p r o d u c t i v e assets. T h e 
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3. This is partly of course an artefact of the stratification procedure adopted, and does not represent the 
degree of inequality in the underlying village populations. 
5 0 
5 1 
heads o f p o o r e r h o u s e h o l d s h a d t h e least e d u c a t i o n a n d h o u s e h o l d m e m b e r s 
h a d t h e least average years o f e d u c a t i o n . Poor househo lds h a d larger f a m i l i e s , 
o w n e d s m a l l e r f a r m s , h a d f e w e r l i v e s t o c k a n d p r o d u c t i v e t o o l s a n d w e r e least 
l i k e l y t o o w n a b i c y c l e . 
Household income shares by source and income 
quartiles 
Sample households w e r e i n v o l v e d in a range o f act ivi t ies t h a t generated i n c o m e . 
T h e p o r t f o l i o o f househo ld i n c o m e shares b y source i s s h o w n i n Table 3 . 
E v e n t h o u g h 6 3 % o f r e s i d e n t h o u s e h o l d m e m b e r s r e p o r t e d f a r m i n g a s 
t h e i r m a i n o c c u p a t i o n , c r o p a n d l i v e s t o c k i n c o m e o n l y a c c o u n t e d f o r 1 6 % o f 
t o t a l h o u s e h o l d i n c o m e . Poore r househo lds o b t a i n e d a grea te r share o f 
h o u s e h o l d i n c o m e f r o m c r o p p i n g a n d l i v e s t o c k ac t i v i t i e s . These househo lds 
also d e r i v e d subs tan t i a l a m o u n t s o f i n c o m e f r o m o f f - f a r m ac t i v i t i e s i n v o l v i n g 
e x p l o i t a t i o n o f c o m m o n p r o p e r t y resources such a s c o l l e c t i n g f i r e w o o d , 
m a k i n g ropes a n d cha rcoa l . L o w e n t r y bar r ie r s a n d c o r r e s p o n d i n g l o w r e t u r n s 
t o h o u s e h o l d assets cha rac te r i ze these ac t i v i t i e s . I n c o n t r a s t t h e r i c h e s t 
h o u s e h o l d s d e r i v e d ove r h a l f o f t h e i r i n c o m e f r o m n o n - f a r m sources. 
R e m i t t a n c e i n c o m e a n d t ransfers w e r e less i m p o r t a n t i n o v e r a l l i n c o m e 
p o r t f o l i o s across a l l i n c o m e g roups . T h e da ta o n h o u s e h o l d i n c o m e p o r t f o l i o s 
s h o w t h a t t h e share o f n o n - f a r m i n c o m e i n t o t a l i n c o m e m o n o t o n i c a l l y 
inc reased w i t h w e a l t h . T h i s c o r r o b o r a t e s e v i d e n c e o n t h e p o s i t i v e c o r r e l a t i o n 
b e t w e e n t h e share o f n o n - f a r m i n c o m e a n d t o t a l i n c o m e s t h a t has b e e n 
r e p o r t e d i n o t h e r A f r i c a n c o u n t r i e s ( R e a r d o n 1 9 9 7 ; B a r r e t t e t a l . 2 0 0 1 a ) . 
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T a b l e 3 . P e r c a p i t a s h a r e s o f d i f fe ren t s o u r c e s a n d i n c o m e q u a r t i l e . 
Crop 
L ivestock 
Fish ing 
Rent 
Other natural resources 
Non- fa rm 
Remi t tances 
In-k ind 
l 
42 
19 
6 
0 
13 
11 
4 
5 
II 
20 
22 
16 
2 
18 
20 
1 
1 
III 
9 
13 
15 
0 
14 
42 
2 
5 
IV 
4 
4 
30 
0 
7 
53 
1 
1 
Total 
8 
8 
25 
0 
10 
46 
1 
2 
H o u s e h o l d i n c o m e f r o m c r o p p i n g i n c l u d e d t h e va lue o f subsis tence 
c o n s u m p t i o n . A l t h o u g h t h e va lue o f subsis tence c o n s u m p t i o n i s h ighes t 
a m o n g p o o r e r househo lds , f o o d i s a m a j o r wage g o o d f o r a l l househo lds 
i r r e s p e c t i v e o f t h e i r w e a l t h . 
H o u s e h o l d s b u i l d t h e i r l i v e l i h o o d s f r o m d e c i s i o n - m a k i n g processes 
i n v o l v i n g t h e use o f assets t h a t i n d i v i d u a l s (o r t h e h o u s e h o l d ) o w n o r have 
access t o . T h i s process charac ter izes a h o u s e h o l d l i v e l i h o o d s t ra tegy (Soussan 
e t a l . u n d a t e d ) . F o l l o w i n g El l i s ( 2 0 0 0 ) w e d e v e l o p e d t ypo log i e s o f h o u s e h o l d 
l i v e l i h o o d strategies u s ing observable c h o i c e o f a c t i v i t y a n d i n c o m e data . A 
h o u s e h o l d i s c h a r a c t e r i z e d a s p r i m a r i l y p u r s u i n g a l i v e l i h o o d s t ra tegy i f i t 
ob ta ins t w o - t h i r d s o r m o r e o f i t s i n c o m e f r o m a n a c t i v i t y o r c o m b i n a t i o n o f 
a c t i v i t i e s . A s E l l i s ( 2 0 0 0 ) no tes t h e i n c o m e t h r e s h o l d se lec ted can m a k e a b i g 
d i f f e r e n c e t o t h e p a t t e r n o f h o u s e h o l d l i v e l i h o o d strategies. 
T h e c h a r a c t e r i z a t i o n o f l i v e l i h o o d strategies r e s u l t e d i n f o u r d i s t i n c t 
h o u s e h o l d l i v e l i h o o d strategies. F i r s t , a g r i c u l t u r a l based l i v e l i h o o d s c o m p r i s e d 
househo lds t h a t e a r n e d t h e i r i n c o m e p r i m a r i l y f r o m c r o p p i n g , l i ves tock , a n d 
f i sh ing ac t iv i t i e s ; a s econd l i v e l i h o o d s t ra tegy c o m p r i s e d househo lds t h a t 
e a rned t h e i r i n c o m e f r o m engaging p r i m a r i l y i n n o n - f a r m ac t iv i t i e s . T h e data 
suggested t w o m i x e d l i v e l i h o o d strategies i n w h i c h househo lds c o m b i n e d 
a g r i c u l t u r a l a c t i v i t i e s a n d n o n - f a r m ac t iv i t i e s . G i v e n t h a t t h e r e t u r n s t o 
d i f f e r e n t n o n - f a r m ac t iv i t i e s v a r i e d subs tan t i a l ly w e d i s t i n g u i s h e d l o w r e t u r n 
n o n - f a r m ac t iv i t i e s f r o m h i g h r e t u r n n o n - f a r m ac t iv i t i e s based o n i n f o r m a t i o n 
o b t a i n e d f r o m t h e focus g r o u p discussions. C o m m u n i t i e s p e r c e i v e d ac t iv i t i e s 
s u c h a s c o l l e c t i n g f i r e w o o d , r o p e m a k i n g a n d basket w e a v i n g a s l o w r e t u r n 
ac t iv i t i e s t h a t p o o r e r m e m b e r s o f t h e c o m m u n i t y engaged i n . I n con t r a s t h i g h 
r e t u r n n o n - f a r m ac t iv i t i e s , such a s o b t a i n i n g salar ied e m p l o y m e n t w i t h t h e 
p u b l i c o r p r i v a t e sector, i n v o l v e d spec ia l ized s k i l l o r e d u c a t i o n . W e t h e r e f o r e 
d i s t i n g u i s h e d t w o m i x e d l i v e l i h o o d strategies one d e f i n e d a s m i x e d l i v e l i h o o d s 
i n c l u d i n g d i v e r s i f i c a t i o n i n t o l o w r e t u r n n o n - f a r m ac t iv i t i e s a n d t h e o t h e r 
m i x e d l i v e l i h o o d s i n c l u d i n g d i v e r s i f i c a t i o n i n t o h i g h r e t u r n n o n - f a r m 
a c t i v i t i e s . 
T h e d i s t r i b u t i o n o f s ample househo lds acco rd ing t o t h e t y p o l o g i e s 
d e s c r i b e d above i s r e p o r t e d i n Table 4 . T h e t ab l e shows t h a t househo lds 
p u r s u e d d i s t i n c t w e a l t h - d i f f e r e n t i a t e d l i v e l i h o o d strategies. These r e su l t f r o m 
d i f f e rences i n t h e l e v e l o f e n t r y bar r ie rs i n v o l v e d i n p u r s u i n g each s t ra tegy 
( B a r r e t t e t a l . 2 0 0 1 b ) . 
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T a b l e 4 . L i v e l i h o o d s t r a t e g i e s b y i n c o m e q u a r t i l e s (%) . 
Principally agriculture 
Principally non-farm 
Mixed strategy with low return non-farm 
Mixed strategy with high return non-farm 
l 
52 
5 
23 
21 
II 
34 
16 
41 
9 
III 
14 
40 
28 
19 
IV 
36 
43 
14 
7 
Total 
34 
26 
26 
14 
T h e p o o r e s t h o u s e h o l d s p u r s u e d a g r i c u l t u r a l l i v e l i h o o d strategies a n d 
l o w r e t u r n m i x e d strategies t h a t r e q u i r e d l i m i t e d spec ia l i zed sk i l l s a n d 
i n v o l v e d l i t t l e c a p i t a l assets. H o u s e h o l d s w i t h f e w e x an t e asset e n d o w m e n t s 
are c o m p e l l e d t o d i v e r s i f y i n t o these s trategies because t h e y have r e l a t i v e l y 
l o w e n t r y ba r r i e r s . I n c o n t r a s t w e a l t h i e r h o u s e h o l d s d i v e r s i f i e d i n t o n o n - f a r m 
strategies t h a t p r o v i d e d h i g h e r r e t u r n s . E n t r y i n t o these ac t i v i t i e s , h o w e v e r , 
r e q u i r e d h i g h e r levels o f s k i l l , c a p i t a l assets o r b o t h . Table 5 shows t h e 
r e l a t i o n s h i p b e t w e e n h o u s e h o l d l i v e l i h o o d strategies a n d ex an t e asset 
e n d o w m e n t s , a n d p r o v i d e s a d d i t i o n a l ins igh ts i n t o t h e i m p o r t a n c e o f asset 
e n d o w m e n t s i n t h e c h o i c e o f a h o u s e h o l d p u r s u i n g a p a r t i c u l a r l i v e l i h o o d 
s t ra tegy. 
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Table 5 . Distr ibut ion of asse ts by l ivel ihood strategies. 
Age of household head 
Total adult equivalent unit 
Education of household head 
Education of resident members3 
Total land owned (ha) 
Total cattle equivalent units 
Tools 
Households with: 
Concrete or brick house (%) 
Stand pipe (%) 
Bicycle (%) 
Principally 
agriculture 
49.7 
3.6 
6.1 
12.9 
2.1 
4.2 
7.1 
6 
0 
32 
Principally 
non-farm 
46.8 
4.1 
8.2 
17.4 
2.1 
6.8 
12.9 
11 
2 
51 
Mixed 
st rategyl1 
44.3 
3.9 
5.9 
15.3 
2.3 
4.5 
7.9 
7 
0 
50 
Mixed 
strategy22 
49.2 
4.4 
7.0 
14.6 
2.5 
8.1 
12.1 
21 
0 
58 
Total 
47.5 
3.9 
6.7 
14.9 
2.2 
5.5 
9.5 
10 
1 
45 
1. Mixed strategy with low return non-farm activities. 
2. Mixed strategy with high return non-farm activities. 
3. Average number of years of education of resident household members. 
O u r f i n d i n g s p r o v i d e a d d i t i o n a l ev idence t h a t d i v e r s i f i c a t i o n i n t o n o n -
f a r m ac t i v i t i e s i s r e l a t e d t o grea ter u p w a r d i n c o m e m o b i l i t y . G i v e n t h e 
i m p o r t a n c e o f n o n - f a r m i n c o m e s a n d i t s i m p o r t a n c e i n o f f e r i n g r u r a l 
househo lds a r o u t e o u t o f p o v e r t y w e f u r t h e r inves t iga ted n o n - f a r m i n c o m e 
sources. T h e r e l a t i o n s h i p b e t w e e n a g r i c u l t u r e a n d t h e n o n - f a r m e c o n o m y a t 
t h e h o u s e h o l d l eve l i s s h o w n i n Table 6 . 
T a b l e 6 . F a r m n o n - f a r m l i n k a g e s b y p e r c a p i t a i n c o m e quar t i l es . 
Upstream 
Downstream 
No linkage 
l II llI IV Total 
33 30 8 26 23 
50 40 58 53 51 
17 30 33 21 26 
A b o u t 7 5 % o f n o n - f a r m ac t iv i t i e s are d i r e c t l y l i n k e d t o a g r i c u l t u r e e i t h e r 
a s b a c k w a r d o r f o r w a r d p r o d u c t i o n l inkages . F o r w a r d p r o d u c t i o n l inkages 
i n v o l v i n g d i v e r s i f i c a t i o n i n t o agro-processing, t r a d i n g a n d t r a n s p o r t a t i o n 
services are p a r t i c u l a r l y i m p o r t a n t w h i l e b a c k w a r d l inkages i n t h e f o r m o f 
s u p p l y o f f a r m i n p u t s a n d services are less i m p o r t a n t . T h i s l a t t e r f i n d i n g 
r e f l e c t e d , i n pa r t , t h e w e a k d e r i v e d d e m a n d f o r f a r m i n p u t s and services i n a n 
a g r i c u l t u r a l s y s t e m t h a t p r e d o m i n a n t l y used t r a d i t i o n a l p r o d u c t i o n 
t e c h n o l o g i e s . 
W e f u r t h e r e x a m i n e d t h e d e t e r m i n a n t s o f h o u s e h o l d l i v e l i h o o d 
s t ra tegies w i t h p r o b i t regressions. T h e regress ion e q u a t i o n s e s t i m a t e t h e 
p r o b a b i l i t y o f a h o u s e h o l d p u r s u i n g a l i v e l i h o o d s t ra tegy as a f u n c t i o n o f i t s 
asset e n d o w m e n t s a n d a c o m m u n i t y va r i ab l e m e a s u r i n g m a r k e t access. T h i s 
p r o v i d e d a d d i t i o n a l i n s igh t s i n t o h o w h o u s e h o l d asset e n d o w m e n t s 
i n f l u e n c e d t h e i r c h o i c e o f l i v e l i h o o d s t ra tegy. G i v e n t h a t several o f t h e 
i n d e p e n d e n t var iab les are c h o i c e var iab les t h e regress ion re su l t s o n l y 
p r o v i d e e v i d e n c e a b o u t t h e c o r r e l a t i o n b e t w e e n l i v e l i h o o d s t rategies a n d 
h o u s e h o l d assets w i t h o u t i m p l y i n g causa l i ty . E v e n so, t h e p r o b i t regress ion 
r e su l t s w e r e i n s t r u c t i v e . 
T h e resu l t s f r o m t h e p r o b i t regressions l i n k t h e p r o b a b i l i t y o f househo lds 
p u r s u i n g t h r e e d i s t i n c t l i v e l i h o o d strategies - a g r i c u l t u r a l strategy, m i x e d 
s t ra tegy i n c l u d i n g d i v e r s i f i c a t i o n i n t o l o w r e t u r n o f f - f a r m ac t iv i t i e s a n d n o n -
f a r m s t ra tegy - as a f u n c t i o n of h o u s e h o l d asset e n d o w m e n t s a n d m a r k e t 
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access. T h e d e p e n d e n t va r i ab le takes a va lue o f o n e f o r a h o u s e h o l d p u r s u i n g 
t h e i t h l i v e l i h o o d s t ra tegy a n d zero o t h e r w i s e . 
T h e resu l t s are r e p o r t e d i n Tables 8 , 9 a n d 1 0 f o r a g r i c u l t u r a l , m i x e d a n d 
n o n - f a r m l i v e l i h o o d strategies , r espec t ive ly . H o u s e h o l d s w i t h a h i g h e r 
p r o p o r t i o n o f w o r k e r s w e r e m o r e l i k e l y t o p u r s u e a n a g r i c u l t u r a l l i v e l i h o o d 
strategy. These h o u s e h o l d s w e r e also less l i k e l y t o b e m e m b e r s o f c r e d i t o r 
savings g roups , o r t h e y r e c e i v e d r e m i t t a n c e i n c o m e t h a t c o u l d b e u s e d f o r 
f i n a n c i n g f a r m i n v e s t m e n t s . H o u s e h o l d s p u r s u i n g a g r i c u l t u r a l l i v e l i h o o d 
strategies w e r e also less l i k e l y t o o w n a b i c y c l e , a n i m p o r t a n t t r a n s p o r t a t i o n 
asset i n t h i s area. T h e l e v e l o f e d u c a t i o n o f t h e h o u s e h o l d h e a d d i d n o t have a 
s ign i f i can t i n f l u e n c e o n t h e c h o i c e o f p u r s u i n g a n a g r i c u l t u r a l l i v e l i h o o d 
strategy. A l i k e l y e x p l a n a t i o n i s t h a t f a r m i n g ac t i v i t i e s in t h i s area are based on 
t r a d i t i o n a l t e chno log i e s t h a t r e q u i r e l i m i t e d sk i l l s . A s u r p r i s i n g f i n d i n g i s t h a t 
t h e c o e f f i c i e n t o n t h e l a n d va r i ab le , t h o u g h p o s i t i v e , d i d n o t s i g n i f i c a n t l y 
i n f l u e n c e t h e c h o i c e o f p u r s u i n g a n a g r i c u l t u r a l l i v e l i h o o d strategy. A p r o b a b l e 
e x p l a n a t i o n i s t h a t i n t h i s area w h e r e f a r m sizes t e n d e d t o b e h i g h e r t h a n 
average, i t m a y b e access t o g o o d q u a l i t y l a n d r a t h e r t h a n large f a r m sizes t h a t 
d e t e r m i n e t h e successful p u r s u i t o f a n a g r i c u l t u r a l s trategy. T h i s f i n d i n g i s 
cons i s t en t w i t h t h e p e r c e p t i o n o f t h e c o m m u n i t i e s t h a t l o w so i l f e r t i l i t y a n d 
h i g h rates o f so i l e r o s i o n r e d u c e d t h e q u a l i t y o f l a n d resources , severely 
l i m i t i n g t h e p o t e n t i a l f o r a g r i c u l t u r a l p r o d u c t i o n . H o u s e h o l d s p u r s u i n g 
l i v e l i h o o d s t h a t p r i m a r i l y c o m p r i s e d a g r i c u l t u r a l a n d l o w r e t u r n o f f - f a r m 
ac t i v i t i e s w e r e m o r e l i k e l y t o b e t h o s e w i t h y o u n g e r heads a n d w i t h o u t f a m i l y 
m e m b e r s t h a t b e l o n g e d t o c r e d i t o r savings g roups . N o n - f a r m l i v e l i h o o d 
s t rategies w e r e m o r e l i k e l y i n househo lds w h e r e t h e h e a d h a d a r e l a t i v e l y h i g h 
l e v e l o f e d u c a t i o n ; f a m i l y m e m b e r s b e l o n g e d t o c r e d i t a n d savings g roups , a n d 
t h e h o u s e h o l d r e c e i v e d r e m i t t a n c e i n c o m e t h a t c o u l d f inance n o n - f a r m 
a c t i v i t i e s . T h e s e h o u s e h o l d s h a d a h i g h e r l e v e l o f i n i t i a l w e a l t h a s i n d i c a t e d b y 
t h e t o o l s i n d e x . T o g e t h e r these resu l t s i m p l y t h a t h u m a n c a p i t a l var iables , a n d 
o t h e r c a p i t a l assets, i m p o s e d i m p o r t a n t ba r r i e r s t o e n t r y i n t o n o n - f a r m 
a c t i v i t i e s t h a t p r o v i d e d h i g h e r r e t u r n s t o h o u s e h o l d resources . T h i s i s 
c o n s i s t e n t w i t h f i n d i n g s i n o t h e r pa r t s o f A f r i c a t h a t s h o w ba r r i e r s t o e n t r y 
i n t o h i g h r e t u r n n o n - f a r m ac t i v i t i e s ( D e r c o n a n d K r i s h n a n 1 9 9 6 ; B a r r e t t e t a l . 
2 0 0 1 ) . Poo re r h o u s e h o l d s l a c k i n g e d u c a t i o n , spec ia l i zed sk i l l s o r c a p i t a l assets 
are c o m p e l l e d t o d i v e r s i f y i n t o l o w r e t u r n l i v e l i h o o d s t rategies i n a g r i c u l t u r e 
a n d l o w r e t u r n a c t i v i t i e s o f f f a r m . 
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Table 8 . Probi t resul t for agr icul tura l l ive l ihood strategy. 
Variable 
Constant 
AGE 
AGE 2 
GENDER 
EDUCATION 
LAND OWNED 
HOUSEHOLD SIZE 
DEPENDENCY 
LIVESTOCK 
CREDIT 
REMITTANCE 
TOOLS INDEX 
BICYCLE 
MARKET ACCESS 
Chi-squared 
Significance 
Coefficient 
0.385 
-0.049 
0.001 
0.405 
-0.005 
0.012 
-0.047 
0.696** 
0.001 
-0.680** 
-0.931* 
-0.012 
-0.396** 
-0.075 
28.924 
0.007 
Probability 
0.739 
0.293 
0.169 
0.165 
0.895 
0.614 
0.515 
0.094 
0.943 
0.080 
0.020 
0.354 
0.066 
0.733 
* Significant at 5% level. 
**Significant at 10% level. 
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T a b l e 7 . D e s c r i p t i o n o f r e g r e s s i o n e q u a t i o n v a r i a b l e s . 
Variable 
AGE 
AGE 2 
GENDER 
EDUCATION 
LAND OWNED 
HOUSEHOLD SIZE 
DEPENDENCY 
LIVESTOCK 
CREDIT 
REMITTANCE 
TOOL INDEX 
BICYCLE 
MARKET ACCESS 
Type 
Continuous 
Continuous 
Binary 
Continuous 
Continuous 
Continuous 
Continuous 
Continuous 
Binary 
Binary 
Continuous 
Continuous 
Binary 
Description 
Age of household head 
The square of the age of the household 
Gender of household head: 1 = male headed, 0 = otherwise 
Number of years household head has spent in school 
Total area owned (acres) 
Total number of resident household members in adult 
equivalent units 
Ratio of workers to family size 
Size of livestock herd in cattle equivalent units 
1 = member belong to a credit scheme, 0 = otherwise 
1 = receive income from remittances, 0 = otherwise 
Tools index 
Number of bicycles 
1 = good market access, 0 = otherwise 
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T a b l e 9 . P rob l t resu l t fo r m i x e d l i v e l i h o o d s t r a t e g y i n c l u d i n g l o w r e t u r n o f f - f a r m . 
Variable 
Constant 
AGE 
AGE 2 
GENDER 
EDUCATION 
LAND OWNED 
HOUSEHOLD SIZE 
DEPENDENCY 
LIVESTOCK 
CREDIT 
REMITTANCE 
TOOLS INDEX 
BICYCLE 
MARKET ACCESS 
Chi-squared 
Significance 
Coefficient 
-0.884 
0.056 
-0.001 
0.199 
-0.114* 
0.015 
0.074 
0.080 
-0.010 
-0.806* 
0.048 
-0.016 
0.305 
0.020 
23.588 
0.035 
Probability 
0.507 
0.339 
0.148 
0.524 
0.006 
0.526 
0.342 
0.858 
0.654 
0.049 
0.905 
0.271 
0.178 
0.932 
* Significant at 5% level. 
** Significant at 10% level. 
Table 10 . Probit result for non- fa rm l ivel ihood strategy. 
Variable Coefficient Probability 
Constant -1.208 
AGE 0.009 
AGE 2 0.000 
GENDER -0.343 
EDUCATION 0.098* 
LAND OWNED -0.034 
HOUSEHOLD SIZE -0.052 
DEPENDENCY -0.759 
LIVESTOCK -0.002 
CREDIT 0.875* 
REMITTANCE 0.574 
TOOLS INDEX 0.020** 
BICYCLE 0.005 
MARKET ACCESS -0.021 
Chi-squared 31.606 
Significance 0.003 
0.319 
0.856 
0.981 
0.293 
0.010 
0.218 
0.490 
0.118 
0.892 
0.006 
0.104 
0.063 
0.983 
0.930 
*Significant at 5% level. 
**Significant at 10% level. 
HIV/AIDS and the health situation of rural 
households 
H I V / A I D S i s a m a j o r d e v e l o p m e n t a n d social p r o b l e m t h a t severely affects t h e 
l i v e l i h o o d s a n d f o o d s ecu r i t y o f a large n u m b e r o f households i n t h e sample 
vi l lages. W e d i d n o t o b t a i n da ta o n t h e i n c i d e n c e o f t h e disease a t t h e 
h o u s e h o l d l eve l b u t t h e c o m m u n i t i e s o v e r w h e l m i n g l y agreed t h a t t h e 
i n c i d e n c e a n d e x t e n t o f t h e disease has increased over t h e past 1 0 years. H I V / 
A I D S h a d r e d u c e d t h e ava i l ab i l i t y o f l abor f o r f a r m w o r k a n d f i sh ing , d i v e r t e d 
h o u s e h o l d e x p e n d i t u r e f r o m f o o d , c l o t h i n g , s choo l fees a n d p r o d u c t i v e 
i n v e s t m e n t s i n t o m e d i c a l care, f o r c e d t h e sale o f h o u s e h o l d assets i n c l u d i n g 
l a n d a n d l i ves tock , a n d r e d u c e d i n c o m e genera t ing ac t iv i t i e s . T h e disease has 
c r e a t e d large n u m b e r s o f o rphans w h o are e i t h e r be ing s u p p o r t e d b y 
grandparen ts , w h o are p o o r themse lves , a n d o f t e n t o o o l d t o w o r k , o r l e f t t o 
f e n d f o r themse lves . T h e q u a l i t y o f h u m a n cap i t a l assets have also d e c l i n e d a s 
teachers s u c c u m b t o t h e disease a n d c h i l d r e n are w i t h d r a w n f r o m school t o 
care f o r t h e s ick or because paren ts are unab le to pay schoo l fees. These 
c o m m u n i t i e s expressed t h e v i e w t h a t these factors have increased p o v e r t y a n d 
v u l n e r a b i l i t y i n m a n y househo lds . 
Local taxation regimes and their impact on livelihood 
strategies 
W e also e x a m i n e d loca l t a x a t i o n reg imes i n t h e focus g r o u p i n t e r v i e w s , g iven 
t h a t taxes i n f l u e n c e r e l a t ive pr ices a n d t h e i ncen t ives t o pu r sue c o m m e r c i a l 
a c t i v i t i e s . H o u s e h o l d s i n Suba D i s t r i c t pay a w i d e range o f legal and i l legal 
taxes on a l l c o m m o d i t i e s i n v o l v i n g m o n e t a r y t ransac t ions . F i she r fo lk r e q u i r e a 
n u m b e r o f l icenses f r o m t h e f isheries a n d h e a l t h d e p a r t m e n t s and pay levies t o 
t h e c o u n t y c o u n c i l on f i sh sales. Fa rmers pay taxes on c r o p sales, a n d on 
m o v e m e n t o f c o m m o d i t i e s o u t s i d e t h e d i s t r i c t , w h i l e a l i ves tock t r ade r needs 
a l i cense to s ta r t t r a d i n g a n d taxes are i m p o s e d on l i ve s tock sales a n d 
m o v e m e n t . C h i e f s a n d loca l a d m i n i s t r a t i o n a u t h o r i t i e s also c o m p e l 
househo lds t o c o n t r i b u t e t o harambees ( loca l fund- ra i s ing ac t i v i t i e s ) . 
M o r e o v e r , t a x c o l l e c t i o n sys tems are n o t t r anspa ren t o p e n i n g t h e m t o a l l sorts 
o f abuse. I n d e e d t h e p e r c e p t i o n o f t h e c o m m u n i t i e s i s t h a t t h e y are over-
b u r d e n e d b y loca l taxes a n d o t h e r i l l - d e f i n e d p a y m e n t s t o t h e a u t h o r i t i e s . T h e 
c o m m u n i t i e s w e r e u n a n i m o u s t h a t these p a y m e n t s d i scouraged c o m m e r c i a l 
f a r m i n g , f i s h i n g o r l i v e s t o c k ac t iv i t i e s a n d l i m i t e d t h e i r a b i l i t y t o u n d e r t a k e 
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p r o d u c t i v e i n v e s t m e n t s . E l l i s a n d B a h i i g w a ( 2 0 0 1 ) r e p o r t e d s i m i l a r f i n d i n g s 
o n loca l t a x a t i o n i n r u r a l U g a n d a . 
Conclusions and implications for agricultural 
research 
T h e analysis o f r u r a l h o u s e h o l d l i v e l i h o o d strategies p r e s e n t e d i n t h i s paper i s 
cons is ten t w i t h e m p i r i c a l ev idence f r o m o t h e r par ts o f A f r i c a t h a t m o s t r u r a l 
househo lds o b t a i n t h e i r l i ve l i hoods f r o m a d iverse p o r t f o l i o o f i n c o m e sources 
(Rea rdon 1997 ; El l i s 1998 ; Bryceson 2 0 0 0 ; El l i s 2 0 0 0 ; B a r r e t t e t a l . 2 0 0 1 ) . T h e 
p r o j e c t i o n i s t h a t r u r a l househo lds w i l l c o n t i n u e p u r s u i n g m u l t i - l o c a t i o n a l a n d 
m u l t i - o c c u p a t i o n a l l i v e l i h o o d strategies ( A s h l e y a n d M a x w e l l 2 0 0 1 ) . T h e m a i n 
i m p l i c a t i o n f o l l o w i n g f r o m t h i s i s t h a t t h e a s s u m p t i o n t h a t a l l r u r a l households 
are p r i m a r i l y f a r m i n g households m a y n o t b e v a l i d a n d can l ead t o t h e w r o n g 
spec i f i ca t ion o f t e c h n o l o g y needs. Technologica l change i s c r i t i c a l i n t h e 
t r a n s i t i o n f r o m subsistence p r o d u c t i o n t o m o n e t i s e d f a r m a n d n o n - f a r m sectors. 
T h e chal lenge f o r a g r i c u l t u r a l research i s t o i d e n t i f y a n d d e v e l o p t h e types o f 
t echnolog ies t h a t w i l l h e l p p o o r r u r a l househo lds w o r k t h e i r w a y o u t o f pove r ty . 
S u c h technologies n e e d t o recognize t h e l inkages b e t w e e n ag r i cu l tu re a n d t h e 
r u r a l n o n - f a r m sector, b e c o m p a t i b l e w i t h h o u s e h o l d i n v e s t m e n t strategies, 
raise l abor p r o d u c t i v i t y i n f o o d p r o d u c t i o n , i m p r o v e t h e p r o d u c t i v i t y o f 
h o u s e h o l d assets a n d s t i m u l a t e g r o w t h o f t h e n o n - f a r m economy. I n s t i t u t i o n a l 
i n n o v a t i o n a n d enab l ing r u r a l i n s t i t u t i o n s are equa l ly i m p o r t a n t i n e x p a n d i n g 
g r o w t h o p p o r t u n i t i e s f o r r u r a l households . 
T h e r i s i ng share o f n o n - f a r m i n c o m e i n h o u s e h o l d i n c o m e p o r t f o l i o s 
r e p o r t e d i n t h i s pape r does n o t d i m i n i s h t h e r o l e a g r i c u l t u r e can p l a y i n r u r a l 
p o v e r t y r e d u c t i o n o r t h e i m p o r t a n c e o f a g r i c u l t u r a l p o l i c y a n d research 
( R e a r d o n e t a l . 1 9 9 8 ; K y d d 2 0 0 2 ) . A s K y d d ( 2 0 0 2 ) argues t h e cha l lenge i s t o 
f i n d w a y s t o m a k e a g r i c u l t u r a l research m o r e successful . T h e s t u d y shows t h a t 
n o n - f a r m ac t i v i t i e s are c lose ly l i n k e d t o a g r i c u l t u r e p a r t i c u l a r l y t h r o u g h 
c o m m e r c e , c r o p process ing a n d d i s t r i b u t i o n . R e a r d o n e t a l . ( 1 9 9 8 ) argue t h a t 
t h i s co r r e sponds t o t h e f i r s t stage o f t h e r u r a l n o n - f a r m sec to r t r a n s f o r m a t i o n . 
I n t h i s stage a d y n a m i c a g r i c u l t u r e i s necessary f o r d e v e l o p m e n t o f t h e n o n -
f a r m sec tor a n d v i c e versa. G o r d o n a n d C r a i g ( 2 0 0 1 ) argue t h a t m a n y 
c o u n t r i e s i n sub-Saharan A f r i c a are i n t h e f i r s t stages o f r u r a l n o n - f a r m sec to r 
t r a n s f o r m a t i o n . 
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T h e o b s e r v e d p a t t e r n s o f i n c o m e d i v e r s i f i c a t i o n i m p l y t h a t r u r a l 
househo lds a l loca te t h e i r scarce resources in f a r m i n g as w e l l a s b e t w e e n 
f a r m a n d n o n - f a r m en te rpr i ses a c c o r d i n g t o r e l a t ive r e t u r n s t o resource use 
a n d sub jec t ive assessment o f t h e r iskiness o f a l t e rna t ive i n v e s t m e n t s . M a n y 
r u r a l househo lds are p a r t - t i m e fa rmers , p a r t - t i m e w o r k e r s a n d m i c r o -
e n t r e p r e n e u r s (de Janvry a n d Sadou le t 2 0 0 0 ) . R u r a l households w i l l 
c o n t i n u e e v a l u a t i n g r e l a t i v e r e t u r n s a n d r i sk o f a l t e rna t ive enterpr ises w h e n 
m a k i n g i n v e s t m e n t dec is ions . A g r i c u l t u r a l research strategies n e e d t o 
cons ide r t h i s i n p r i o r i t y s e t t i n g a n d t e c h n o l o g y des ign. M a n y r u r a l 
househo lds m a y seek t o f ree f a r m l abo r t o p u r s u e m o r e p r o d u c t i v e ac t iv i t i e s 
o f f - f a r m . H I V / A I D S also reduces l abo r ava i l ab i l i t y f o r f a r m w o r k . These 
househo lds are l i k e l y t o p r i o r i t i z e l abo r saving t echno log ie s even i n p e r c e i v e d 
l abor - su rp lus areas. O t h e r househo lds w i t h cash resources a n d access t o 
i n f o r m a t i o n a n d m a r k e t s m a y w a n t t o p u r s u e i n t e n s i f i e d c o m m e r c i a l 
a g r i c u l t u r e w i t h h i g h l a b o r d e m a n d s . S u c h househo lds m a y generate 
e m p l o y m e n t i n a g r i c u l t u r e a n d p r i o r i t i z e l abor -us ing t echno log ies . T h e 
s i m u l t a n e o u s d e m a n d f o r l abo r saving a n d l abor u s ing t echno log ie s i n r u r a l 
areas under scores t h e n e e d f o r a g r i c u l t u r a l research t o emphas ize t h e 
d e v e l o p m e n t o f a w i d e r range o f t e c h n o l o g y o p t i o n s f o r househo lds w i t h 
d i f f e r i n g t e c h n o l o g y needs. 
T h e h i g h share o f t h e va lue o f subsis tence c o n s u m p t i o n i n h o u s e h o l d 
i n c o m e p o r t f o l i o s h i g h l i g h t s t h e i m p o r t a n c e o f f o o d a s a wage g o o d i n t h e 
s t u d y area. T h i s f i n d i n g i s cons i s t en t w i t h e m p i r i c a l ev idence f r o m o t h e r par ts 
o f A f r i c a ( D e l g a d o e t a l . 1 9 9 3 ; I F A D 2 0 0 1 ; U p t o n 2 0 0 1 ) . I m p r o v e d 
t echno log ie s t h a t increase f o o d p r o d u c t i o n i n these s e m i - o p e n economies 
w o u l d r e d u c e f o o d pr ices . G i v e n t h a t f o o d i s a m a j o r wage g o o d t h i s i s 
e q u i v a l e n t t o a n increase i n p e r cap i t a i n c o m e s o f r u r a l househo lds ( S c h u h 
2 0 0 0 ) . M o s t o f these bene f i t s w o u l d accrue t o p o o r e r r u r a l households w h o 
t e n d t o s p e n d a larger share o f i n c o m e o n f o o d c o m p a r e d t o b e t t e r - o f f 
househo lds . Inc reased l abor p r o d u c t i v i t y i n f o o d p r o d u c t i o n w o u l d also free 
h o u s e h o l d l abo r t o p u r s u e h i g h e r r e t u r n o f f - f a r m ac t iv i t i e s . 
T h e f i n d i n g t h a t l a n d a n d l abo r resources w e r e n o t i m p o r t a n t fac tors 
c o n d i t i o n i n g t h e c h o i c e o f a g r i c u l t u r a l l i v e l i h o o d strategies ju s t i f i e s t h e v i e w 
t h a t i m p r o v e m e n t s i n t h e q u a l i t y o f l a n d a n d labor, k e y h o u s e h o l d assets, are 
necessary f o r l i f t i n g r u r a l househo lds o u t o f pove r ty . I m p r o v i n g l a n d 
p r o d u c t i v i t y t y p i c a l l y invo lves inc reased i n v e s t m e n t i n n a t u r a l resource 
m a n a g e m e n t s u c h a s so i l f e r t i l i t y a n d w a t e r m a n a g e m e n t t echno log ies . B u t 
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r u r a l h o u s e h o l d s m a y n o t a d o p t i m p r o v e d n a t u r a l r e source m a n a g e m e n t 
t e c h n o l o g i e s i f t h e r e t u r n s t o these i n v e s t m e n t s acc rue a t a l a t e r da t e o r are 
l o w e r t h a n r e t u r n s t o i n v e s t m e n t s i n a l t e r n a t i v e n o n - f a r m a c t i v i t i e s . Fa rmers 
p r o d u c i n g a c o m m e r c i a l c r o p are m o r e l i k e l y t o a d o p t i m p r o v e d so i l a n d 
w a t e r m a n a g e m e n t t e chno log i e s . T h u s , a g r i c u l t u r a l n a t u r a l r esource 
m a n a g e m e n t research s trategies n e e d a p a r a d i g m sh i f t a w a y f r o m a n a r r o w 
a g r i c u l t u r a l p r o d u c t i o n bias t o a b r o a d i n t e r s e c t o r a l p e r s p e c t i v e t h a t 
emphas izes r e l a t i v e r e t u r n s t o h o u s e h o l d resources i n a l t e r n a t i v e a c t i v i t i e s . 
T r i p p ( 2 0 0 1 ) argues t h a t f u t u r e a g r i c u l t u r a l t e chno log i e s w i l l b e 
k n o w l e d g e i n t e n s i v e a n d i n p u t s w i l l inc reas ing ly b e d e l i v e r e d b y t h e p r i v a t e 
sector . I t i s t h e r e f o r e i m p e r a t i v e t o b u i l d t h e h u m a n c a p i t a l o f r u r a l 
h o u s e h o l d s i f t h e y are t o b e n e f i t f r o m n e w t e c h n o l o g i e s a n d e m e r g i n g 
o p p o r t u n i t i e s f o r c o m m e r c i a l i z a t i o n . I n v e s t m e n t i n h u m a n c a p i t a l also 
f ac i l i t a t e s t h e t r a n s i t i o n t o n o n - f a r m e m p l o y m e n t . T h e p r o j e c t e d increased 
r o l e o f t h e p r i v a t e sec tor i n i n p u t s u p p l y calls f o r i m p r o v i n g t h e t e c h n i c a l 
k n o w l e d g e o f i n p u t supp l i e r s s o t h a t t h e y can e f f e c t i v e l y advise f a r m e r s o n 
i n p u t use. A l l o f t h i s i m p l i e s a changed r o l e f o r e x t e n s i o n sys tems m o s t o f 
w h i c h are f ac ing severe b u d g e t a r y l i m i t a t i o n s a n d ba re ly f u n c t i o n i n m a n y 
r u r a l areas. R a t h e r t h a n focus o n i n f o r m a t i o n d i s s e m i n a t i o n t o f a rmer s , 
e x t e n s i o n m i g h t use t h e i r l i m i t e d resources t o i m p r o v e t h e t e c h n i c a l capac i ty 
o f p r i v a t e t r ade r s s o t h a t t h e y can p r o v i d e e f f e c t i v e adv i so ry services f o r 
f a r m e r s . 
E v e n t h o u g h t h e da ta d i d n o t a l l o w u s t o t e s t t h e s t r e n g t h o f f a r m a n d 
n o n - f a r m l inkages , t h e i m p o r t a n c e o f b a c k w a r d a n d f o r w a r d p r o d u c t i o n 
l inkages i n n o n - f a r m a c t i v i t i e s suggest t h a t f u t u r e research s h o u l d p u t grea te r 
emphas i s o n s t r e n g t h e n i n g f a r m - n o n - f a r m l inkages . T h e f a r m sec tor w i l l 
e v e n t u a l l y d e c l i n e w i t h e c o n o m i c d e v e l o p m e n t ( S c h u h 2 0 0 0 ) . A g r i c u l t u r a l 
research s h o u l d h e l p r u r a l househo lds m a k e t h a t t r a n s i t i o n . D i v e r s i f i c a t i o n 
i n t o n o n - f a r m a c t i v i t i e s i s associa ted w i t h i m p r o v e d l i v i n g s tandards . B u t t h e 
p r o b i t regressions suggested t h a t t h e r e are s ign i f i can t e n t r y bar r ie r s t o n o n -
f a r m a c t i v i t i e s . A g r i c u l t u r a l research a n d p o l i c y i n t e r v e n t i o n s s h o u l d a i m a t 
r e d u c i n g e n t r y ba r r i e r s i n t o r e m u n e r a t i v e n o n - f a r m a c t i v i t i e s . E m e r g i n g loca l 
g o v e r n m e n t business l i c ens ing a n d t a x a t i o n po l i c i e s r e q u i r e ca r e fu l m o n i t o r i n g 
i n t h i s r ega rd . 
W i t h i n t h e f a r m sector, t e c h n o l o g y change can f a c i l i t a t e d i v e r s i f i c a t i o n o f 
c r o p p i n g p a t t e r n s t h r o u g h c h o i c e o f var ie ty , c h o i c e o f c rops , i m p r o v e d 
p r o d u c t q u a l i t y . O n - f a r m c r o p d i v e r s i f i c a t i o n can b e n e f i t b o t h s e m i -
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c o m m e r c i a l a n d c o m m e r c i a l f a rmers . T h e chal lenge i s t o i d e n t i f y m a r k e t 
n iches t h a t e x p l o i t these o p p o r t u n i t i e s ( O r r a n d O r r 2 0 0 2 ) . F u t u r e c r o p 
i m p r o v e m e n t p r o g r a m s m a y n e e d t o p u t m o r e e f f o r t i n t o i n c o r p o r a t i n g 
p r e f e r r e d f a r m e r a n d m a r k e t t r a i t s i n t o n e w var ie t ies . C o r r e s p o n d i n g l y , 
t h e r e has t o b e grea te r emphas i s o n i m p r o v i n g f a r m e r l inkages i n t o m a r k e t s 
i n w a y s t h a t i n c l u d e m a r k e t p a r t i c i p a t i o n o f s m a l l h o l d e r fa rmers . T h i s 
i n c l u d e s d e v e l o p m e n t o f i n f o r m a t i o n a n d c o m m u n i c a t i o n systems t o 
i m p r o v e t h e f l o w o f i n f o r m a t i o n o n p r o d u c t s , m a r k e t s a n d c r o p p i n g o p t i o n s . 
P o l i c y i n t e r v e n t i o n s s h o u l d also f ac i l i t a t e t h e des ign a n d d e v e l o p m e n t o f 
agro-process ing su i t ab le f o r s m a l l - a n d m e d i u m - s c a l e r u r a l en t r ep reneur s . 
I n s t i t u t i o n a l i n n o v a t i o n s t h a t r e d u c e t r a n s a c t i o n costs i n m a r k e t i n g a n d 
d i s t r i b u t i o n are e q u a l l y i m p o r t a n t . M a r k e t i n g a r rangements t h a t p r o v i d e 
i n c e n t i v e s f o r i m p l e m e n t a t i o n o f grades a n d s tandards i n r u r a l areas are 
necessary t o f a c i l i t a t e access t o h i g h va lue u r b a n , r eg iona l a n d i n t e r n a t i o n a l 
m a r k e t s . K y d d ( 2 0 0 2 ) observes t h a t a g r i c u l t u r a l research needs t o r e f l e c t t h e 
fac t t h a t t e c h n o l o g y a n d i n s t i t u t i o n a l d e v e l o p m e n t are co -evo lu t iona ry . A n 
i m p o r t a n t i m p l i c a t i o n o f t h i s i s t h a t i n s t i t u t i o n a l change t h a t d i s to r t s o r 
i n h i b i t s t h e p a r t i c i p a t i o n b y f a r m e r s i n m a r k e t s i s l i k e l y a t t h e same t i m e t o 
i n h i b i t t h e u p t a k e o f t e chno log i e s t h a t can m a k e s t rong c o n t r i b u t i o n s t o f u t u r e 
p r o d u c t i v i t y a n d i n c o m e s i n a g r i c u l t u r e . 
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Session 1: Discussion 
W e r e O m a m o 1 
Ndjeunga and Savadogo Paper 
Discuss ions o n t h e N d j e u n g a a n d Savadogo pape r t h r e w u p m a n y p o i n t s : 
• T h e a i m o f t h i s pape r i s t o desc r ibe a n d evalua te changes i n r u r a l h o u s e h o l d 
strategies i n B u r k i n a Faso i n 2 0 0 1 . 
• T h e approach t a k e n i s t o revis i t households surveyed in t h e m i d 1980s a n d re-
admin i s t e r a survey whose p r i m a r y object ive was to describe househo ld 
demograph ic characterist ics, f a r m i n g systems and major n o n - f a r m i n g act ivi t ies . 
• As in t h e o r ig ina l survey, t h e 2 0 0 1 survey cove red t h r ee agroecological zones 
d i s t i ngu i shed by average annua l r a in fa l l a n d soi l t y p e . These d i f ferences i n 
agroecological p o t e n t i a l i m p l i e d di f ferences i n crops p r o d u c e d . 
• T h e ana ly t i c a l a p p r o a c h i s h o l i s t i c , m o t i v a t e d by t h e susta inable l i v e l i h o o d s 
f r a m e w o r k . 
• T h e f i nd ings are i n t r i g u i n g : 
• Based on several measures , t h e s a m p l e d househo lds a p p r o v a l t o be b e t t e r 
of f , o r a t bes t d o i n g be t t e r , i n 2 0 0 1 t h a n t h e y w e r e i n 1 9 8 5 . 
• T h e y have m o r e p h y s i c a l assets a s m e a s u r e d by f a r m e q u i p m e n t a n d 
d r a f t p o w e r . 
• T h e y have m o r e sources o f i n c o m e b o t h w i t h i n a n d o u t s i d e a g r i c u l t u r e . 
• T h e y are m a k i n g m o r e use o f i m p r o v e d i n p u t s , especia l ly f e r t i l i z e r . 
• A s one w o u l d i m a g i n e , these ef fects are m o r e p r o n o u n c e d i n t h e area 
w i t h h ighes t agroecologica l p o t e n t i a l . 
• C o t t o n has b e c o m e a n i m p o r t a n t cash c r o p , especia l ly i n t h e area w i t h 
h ighes t agroecologica l p o t e n t i a l . 
• H o r t i c u l t u r a l c rops are also increas ing ly i m p o r t a n t . 
• O f f - f a r m i n c o m e sources are f o u n d t o b e i m p o r t a n t , h o w e v e r i t i s n o t 
q u i t e c lear h o w i m p o r t a n t . O n pages 9 a n d 1 0 w e are t o l d these sources 
a c c o u n t f o r 2 0 % o f h o u s e h o l d i n c o m e . O n e page 12 , t h a t f i gu re i s 5 0 % . 
• Regression analysis o f d r i v e r s o f d i v e r s i f i c a t i o n ( a n d t h u s i n c o m e - f a r m i n g 
o p p o r t u n i t i e s ) h i g h l i g h t access t o p h y s i c a l c a p i t a l a n d agroecologica l 
p o t e n t i a l as k e y d e t e r m i n a n t s . 
• C o n c e r n e d a b o u t e n d o g e n i t y o f some o f t h e regressors b u t m a y b e t h e 
a u t h o r s can e labora te . 
• These resu l t s f i t n i c e l y i n t o e x p e c t a t i o n , espec ia l ly w i t h i n a susta inable 
l i v e l i h o o d s c o n t e x t . 
1. International Service for National Agricultural Research. 
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• T h e i m p l i c a t i o n s f o r research m a k e sense - i .e . m o r e w a y f r o m un i - sec to ra l 
a p p r o a c h . 
• T h e pape r t h u s gives us an i n t e r e s t i n g a n d va luable u p d a t e on t h e 1985 
resul t s f o r t h e r e g i o n . 
• H o w e v e r , h o w genera l i zed are t h e f indings? H o w re l iab le are they? 
• O n e o f t h e k e y t ene t s o r p r i n c i p l e s o f t h e sustainable l i v e l i h o o d s app roach 
i s t h a t m i c r o b e h a v i o r o f t h e k i n d d e s c r i b e d i n t h e paper d e t e r m i n e s a n d 
re f l ec t s b r o a d e r i n s t i t u t i o n a l a r rangements (o r governance s t ruc tu res ) i n 
r u r a l areas. F u r t h e r , these governance s t ruc tu r e s are themse lves r e f l ec t ions 
a n d d e t e r m i n a n t s o f b r o a d e r p o l i c y a n d i n s t i t u t i o n a l e n v i r o n m e n t s (as 
c a p t u r e d b y p o l i t i c a l sys tems a n d t h e legal a n d r e g u l a t o r y f r a m e w o r k s t h a t 
those sys tems p e r m i t ) . 
T h e discussions also t h r e w u p these ques t ions : 
• To i t s c r e d i t , t h e pape r does b r i n g up i n s t i t u t i o n a l issues a t t h e v i l lage l eve l . 
B u t t h e r e i s scope f o r m o r e inves t iga t ions . For ins tance , h o w prec i se ly d i d 
these f a r m e r associations arise, a n d w h y ? H o w d o t h e y f u n c t i o n ? W h a t are 
t h e i r w e l f a r e inpu t s? W h y h a v e n ' t m a r k e t s d e v e l o p e d i n these areas? 
• H o w are c o t t o n p r o d u c t i o n a n d m a r k e t i n g o rgan ized i n a r eg ion i n w h y 
t h e r e are n o p r o d u c e m a r k e t s t o t h i s day? T h e same q u e s t i o n ho ld s f o r 
h o r t i c u l t u r a l c rops 
• W h a t exp la ins t h e o u t - m i g r a t i o n o f t h e y o u n g f r o m t h e r e g i o n w i t h t h e 
h ighes t agro-ecological po t en t i a l ? Push o r p u l l ? 
• H o w have changes i n t h e b r o a d p o l i c y a n d i n s t i t u t i o n a l e n v i r o n m e n t 
a f f ec t i ng a g r i c u l t u r e i n f l u e n c e d loca l a d m i n i s t r a t i v e a n d o rgan iza t ion 
s t ruc tu r e s a n d h o w , i f a t a l l , have these in f luences a f f e c t e d t h e choices a n d 
l i v e l i h o o d strategies i n t h e s t u d y region? 
• D o w e have any answers t o t h i s t y p e o f quest ions? I s t h e r e scope t o address 
t h e m a s t h e s t u d y m o v e s f o r w a r d ? 
Discussions on the Freeman and Ellis paper 
T h e h i g h l i g h t s o f t h e d iscuss ion o n t h e F r e e m a n a n d El l i s paper w e r e : 
• T h e a i m o f t h i s paper i s descr ibe a n d evaluate h o u s e h o l d l i v e l i h o o d 
strategies i n Suba D i s t r i c t i n W e s t e r n K e n y a . 
• A g a i n , t h e ana ly t i ca l a p p r o a c h i s h o l i s t i c , m o t i v a t e d by t h e susta inable 
l i v e l i h o o d s f r a m e w o r k . 
• P a r t i c i p a t o r y research m e t h o d s a n d q u a n t i t a t i v e h o u s e h o l d su rvey m e t h o d s 
are c o m b i n e d i n a n i n n o v a t i v e m a n n e r t o y i e l d w h a t appears t o b e a 
u n i q u e l y r i c h da ta set. 
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• A s w i t h t h e Nd jeunga-Savadogo paper , access t o b u y p h y s i c a l , h u m a n a n d 
f i nanc i a l assets appears t o b e c r u c i a l t o h o u s e h o l d s ' w e a l t h s tatus a n d t h e i r 
l i v e l i h o o d strategies w i t h i n these categories . 
• A g a i n n o n - f a r m i n g i n c o m e sources are okay. 
• S u b s i s t e n c e - o r i e n t a t i o n is d e e p - r o o t e d . 
• F r e e m a n a n d E l l i s t a k e us a l i t t l e f u r t h e r t h a n do N d j e u n g a a n d Savadogo by 
e x p l o r i n g w h a t f ac to r s are associated w i t h p u r s u i t o f l i v e l i h o o d strategies 
based p r i m a r i l y o n n o n - f a r m i n g ac t i v i t i e s . 
• H u m a n a n d f inanc ia l c a p i t a l appear t o be okay - i .e . e d u c a t i o n a n d c r e d i t . 
I n i t i a l w e a l t h i s also okay. 
• A m o n g t h e m o s t i n t e r e s t i n g a n d i m p o r t a n t f in ings are t h e d i f f e r e n t e f fec ts 
o f g i v e n assets across a l t e r n a t i v e l i v e l i h o o d strategies 
• Fo r ins tance e d u c a t i o n m a t t e r s m u s t f o r s trategies d r i v e n b y n o n - f a r m i n g 
a c t i v i t i e s . 
• T h e same f o r c r e d i t . 
• A g a i n , i t w o u l d b e v e r y in teres t ing t o k n o w h o w th i s m i c r o behavior de te rmines 
a n d reflects broader i n s t i t u t i o n a l arrangements a n d h o w these are ref lect ions 
a n d de t e rminan t s o f broader p o l i c y and in s t i t u t i ona l env i ronmen t s . 
• W h a t are t h e larger f o r u m s d r i v i n g o r g a n i z a t i o n i n t h i s r u r a l area? 
• W h a t i s g o i n g on in Suba? Socia l ly? Po l i t i ca l ly? I n s t i t u t i o n a l l y ? 
• H I V / A I D S a n d loca l t a x a t i o n reg imes are m e n t i o n e d . 
• T h e s e are steps i n t h e r i g h t d i r e c t i o n b u t h o w prec i se ly d o t h e y m a t t e r ? 
• I t i s c e r t a i n l y t r u e t h a t e x a m i n a t i o n o f n o n - f a r m ac t iv i t i e s p r o v i d e s a 
w i n d o w i n t o r u r a l a n d a g r i c u l t u r a l sec tor t r a n s f o r m a t i o n . 
• W h a t d o these ac t iv i t i e s , a n d t h e f a r m i n g ac t iv i t i e s t h a t t h e y c o m p l e m e n t , 
t e l l u s a b o u t r u r a l governance s t ruc tu r e s a n d b o a r d e r p o l i c y a n d 
i n s t i t u t i o n a l e n v i r o n m e n t s ? 
• A n d based o n t h a t u n d e r s t a n d i n g , w h a t does i t a l l m e a n f o r a g r i c u l t u r a l 
research i n t h e S A T - i .e . i n c o n t e n t a n d process? 
I d o n ' t p r e t e n d t o have any answers t o these ques t ions . M a y b e w e can 
d e l i b e r a t e o n t h e m a b i t . I k n o w o f A s s o c i a t i o n f o r S t r e n g t h e n i n g A g r i c u l t u r a l 
Research i n Eas te rn a n d C e n t r a l A f r i c a ( A S A R E C A ) a n d Eas te rn a n d C e n t r a l 
A f r i c a P r o g r a m f o r A g r i c u l t u r a l Po l i cy A n a l y s i s ( E C A P A P A ) t h a t w e are 
s t rugg l ing w i t h t h e m . 
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Discussion 
S t e p h e n M b o g o h 2 
I t i s c lear f r o m t h e case s tudies t h a t f a rmers apprec ia te t h e 
c o m p l e m e n t a r i t y b e t w e e n organic and inorganic fe r t i l i ze r s and t h a t n o n - f a r m 
ac t iv i t i e s have s t r o n g l inkages to a g r i c u l t u r e . H o w e v e r , t h e r e are challenges 
fac ing R 4 D p a r t i c u l a r l y i n r e l a t i o n t o t h e f o l l o w i n g aspects: 
• H o w d o w e increase t h e i n c o m e s o f househo lds d e p e n d i n g o n agr icul ture? 
• H o w can research he lp in b u i l d i n g assets of d i f f e ren t types of households -
based o n t h e i m p o r t a n t ro le o f i n i t i a l w e a l t h i n in f luenc ing l i v e l i h o o d strategies? 
• T h e r e i s n e e d t o p r o m o t e research t h a t i s c o m p a t i b l e w i t h t h e d i f f e r e n t 
h o u s e h o l d l i v e l i h o o d strategies. 
• H o w can a g r i c u l t u r a l R & D b e u s e d t o s t i m u l a t e t h e g r o w t h o f n o n - f a r m 
ac t iv i t i e s w i t h o u t c o m p r o m i s i n g o n t h e m a n d a t e o f research centers? 
• H o w can issues o f i n s t i t u t i o n s a n d governance be i n c o r p o r a t e d in agr icu l tu ra l 
R & D , w i t h o u t going b e y o n d t h e missions o f t h e l A R C s and N A R S ? 
Participants' Response 
• M a n d a t e change f o r C G I A R o r pa r tne r sh ips a n d c o m p a r a t i v e advantages o f 
var ious i n s t i t u t i o n s ? I s I C R I S A T ' s m a n d a t e rea l ly re levant? S h o u l d w e t h i n k 
o f chang ing i t? 
• N o n e e d t o change m a n d a t e , b u t u t i l i z e synergies i n t h e var ious 
d i s c ip l i ne s /pa r tne r s . B u i l d i n g pa r tne r sh ips i s t h e w a y f o r w a r d , b u t p i c k 
t h e r i g h t pa r tne r s . 
• T h e fact t h a t i n s t i t u t i o n s d o n o t w o r k w e l l does n o t m e a n I C R I S A T 
s h o u l d get o r change i n t o issues o f i n s t i t u t i o n a l governance! 
• I t i s b e t t e r t o l o o k a t t h e ove ra l l m i s s i o n , n o t t h e manda t e , t o gu ide 
I C R I S A T ' s a n d o t h e r C G I A R cente rs ' engagement i n S A T / S S A . 
• I C R I S A T ' s p r o b l e m i s t h a t i t has been w o r k i n g w i t h " O r p h a n C r o p s " ! 
T h e r e i s n e e d t o m o v e b e y o n d c o n v e n t i o n a l w o r k o f b reed ing . 
• T h i n k abou t agro-processing to increase m a r k e t o p p o r t u n i t i e s fo r farmers . 
• N e e d to l o o k a t speci f ic cases o f p r o d u c t i v i t y , d ive r s i f i c a t i on , e tc , ins tead 
o f t h e w h o l e . 
• S ince f o o d i n s e c u r i t y persists i n S A T / S S A , w e n e e d n o t c o m p r o m i s e 
focus o n these c rops i n favor o f h o r t i c u l t u r a l s a n d l i ves tock . 
• Soc ia l issues, l i k e l abor supply , H I V / A I D S , e tc s h o u l d be i n c o r p o r a t e d 
i n t o e c o n o m i c research, s ince t h e y af fec t a d o p t i o n o f t echno log ies . 
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• T h e v e r y l o w a d o p t i o n a n d i m p a c t o f n e w var ie t ies r e p o r t e d i n t h e s tud ies 
raises ques t ions a b o u t t h e i r s u i t a b i l i t y t o S A T fa rmer s . W h y are t h e y n o t 
b e i n g a d o p t e d a n d w h y d i d I C R I S A T inves t s o m u c h i n t h e i r d e v e l o p m e n t ? 
W h a t w e r e t h e var ie t i es d e v e l o p e d f o r a n d w h a t was t h e s t ra tegy i n t h e i r 
d e v e l o p m e n t ? H o w can w e o v e r c o m e t h e cons t r a in t s t o t e c h n o l o g y 
a d o p t i o n a n d s t i m u l a t e t h e d e m a n d f o r t h e technologies? 
Responses from the panelists 
• T h e r e has been substant ia l a d o p t i o n o f these technologies in s o u t h e r n A f r i c a . 
• P r o b l e m s o f a d o p t i o n are m o r e o n t h e supp ly - s ide d u e t o p o o r access t o 
seed a n d c o m p l e m e n t a r y i n p u t s a n d l ack o f i n f o r m a t i o n . I t i s i m p e r a t i v e 
t h a t w e l o o k a t t h e d i f f e r e n t i n s t i t u t i o n a l se t t ings a n d t h e i r e f fec ts o n 
a d o p t i o n r a t h e r t h a n o n t h e appropr ia teness o f t e chno log i e s . 
• B u t , are t h e r e t echno log ie s on t h e shelves? 
• C o u l d w e have m i s p e r c e i v e d t h e needs o f t h e f a rmers i n SAT? W h a t s h o u l d 
R 4 D focus o n - n e e d w e p u t m o r e emphas is o n v a r i e t y y i e l d s t a b i l i t y t h a n 
h i g h y i e ld s pe r se, s ince i t appears f a rmer s i n S A T va lue y i e l d s t a b i l i t y m o r e 
t h a n h i g h uns t ab l e yie lds? 
• I s m o r e i n v o l v e m e n t o f s t akeho lders i n p l a n n i n g a n d d e v e l o p m e n t a 
poss ible answer? H o w d o w e resolve t h e c o n f l i c t s a m o n g t h e d iverse 
i n t e r e s t g roups t o c o m e u p w i t h accep tab le s t ra tegy a n d technologies? 
• W h a t a b o u t t h e r o l e o f gender i n S A T research a n d t e c h n o l o g y use? 
• C o m m e r c i a l i z a t i o n o f a g r i c u l t u r e w i l l e n t a i l i n c r e a s e d use o f n o n - f a r m 
i n p u t s a n d inc rease p a r t i c i p a t i o n i n b o t h f a c t o r a n d p r o d u c t m a r k e t s . 
W i l l t r a d i t i o n a l c o p i n g s t ra teg ies b e a p p r o p r i a t e f o r m a r k e t - r e l a t e d 
r isks? T h i s i s m a d e m o r e i m p o r t a n t i n v i e w o f t h e seasona l i ty i n 
p r o d u c t i o n a n d t h e f a c t t h a t r u r a l h o u s e h o l d s are i n c r e a s i n g l y b e c o m i n g 
n e t b u y e r s o f g ra ins . 
• T h e case o f Z i m b a b w e pa in t s a p i c t u r e o f avai lable o f f - f a r m i n c o m e s b u t n o 
grains to b u y - c o u l d t h i s be a r e su l t o f m a r k e t fa i lure? 
• T h e n e e d f o r i m p r o v i n g m i n i m u m levels o f f e r t i l i z e r s a n d increased 
i n t e n s i f i c a t i o n : 
• B u t scope f o r i n t e n s i f i c a t i o n i s sma l l i n S A T / S S A . 
• L i v e s t o c k m a y o f f e r h i g h e r i n c o m e s . 
• N e e d f o r l aborsav ing t echno log ie s . 
• D i v e r s i f i c a t i o n , r a t h e r t h a n o p t i m i z a t i o n are necessary t o m e e t t h e needs 
o f d i f f e r e n t f a r m e r s . 
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The Environment Influencing 
Technology Choice 
Techno logy a d o p t i o n i s i n f l u e n c e d b y fac tors b o t h w i t h i n and 
o u t s i d e t h e a g r i c u l t u r a l e c o n o m y . T h i s session h igh l igh t s 
agribusiness a n d m a r k e t l inkages , f o o d secur i ty , gender a n d H I V / 
A I D S , a n d t h e i r i m p l i c a t i o n s f o r a g r i c u l t u r a l research. T h e g loba l 
a g r i f o o d i n d u s t r y a n d t h e n a t u r e o f m a r k e t s are chang ing f r o m 
s u p p l y - o r i e n t e d t o d e m a n d - o r i e n t e d , w i t h grea ter e c o n o m i c 
c o n c e n t r a t i o n i n i n p u t supply , process ing and r e t a i l i ng , a n d n e w 
m a r k e t s tandards t h a t emphas ize p r o d u c t q u a l i t y a n d 
d i f f e r e n t i a t i o n ( and b y i m p l i c a t i o n , create n i c h e m a r k e t s ) . F o o d 
s ecu r i t y i s p r i m a r i l y a p o v e r t y a n d i n c o m e issue. R & D i n s t i t u t i o n s 
can h e l p increase f a r m p r o d u c t i v i t y b u t h o u s e h o l d f o o d i n s e c u r i t y 
can pers is t even w h e n f o o d p r o d u c t i o n i s su f f i c i en t a t na t i ona l l eve l . 
G e n d e r i s a n i m p o r t a n t e l e m e n t o f h o u s e h o l d d y n a m i c s a n d social 
sys tems. M e n a n d w o m e n have d i f f e r e n t p r i o r i t i e s a n d ob jec t ives 
w h e n t h e y a d o p t a n e w technology , a n d researchers m u s t t ake i n t o 
accoun t these d i f fe rences , as w e l l as t h e fact t h a t w o m e n genera l ly 
have less access t o l and , e x t e n s i o n advice , i n p u t s a n d c r e d i t . H I V / 
A I D S has h a d a devas ta t ing i m p a c t n o t o n l y o n h e a l t h a n d l i f e 
e x p e c t a n c y b u t also o n pover ty , h o u s e h o l d e x p e n d i t u r e pa t t e rns 
a n d l abor ava i lab i l i ty . 

Agribusiness and market linkages 
L a w r e n c e B u s c h 1 
Introduct ion 
I t i s p a r t i c u l a r l y auspic ious t h a t I C R I S A T has d e c i d e d t o h o l d t h i s conference 
he re today . I s u b m i t t h a t as l i t t l e as 10 years ago, t h e v e r y idea of h o l d i n g such 
a con fe rence w o u l d have b e e n c o n s i d e r e d la rge ly unnecessary, perhaps even 
absu rd . B u t t i m e s have changed . W e are n o w faced w i t h a n e w set o f 
chal lenges - chal lenges t h a t t h e a g r i c u l t u r a l research c o m m u n i t y has u n t i l n o w 
t e n d e d to i gno re . I n pa r t i cu la r , t h e last decade has arguably seen m o r e change 
i n t h e g loba l a g r i - f o o d s y s t e m t h a n any p r e v i o u s decade i n h i s to ry . W h i l e 
g loba l t r a d e i n f o o d p r o d u c t s has b e e n a r o u n d f o r a t least 5 0 0 years (Bonanno 
e t a l . 1 9 9 4 ) , o n l y w i t h i n t h e last decade has i t b e c o m e possible t o t a l k o f a 
t r u l y g loba l a g r i - f o o d sy s t em. T h e r e are several d r ive r s o f these events 
i n c l u d i n g t h e c r e a t i o n o f t h e W o r l d Trade O r g a n i z a t i o n ( W T O ) , t h e d e c l i n i n g 
cos t o f t r a n s p o r t a n d c o m m u n i c a t i o n , t h e u r b a n i z a t i o n o f t h e p l a n e t a n d t h e 
rise o f a g loba l m i d d l e class. W e e x a m i n e each o f these i n t u r n . 
1 . T h e W o r l d Trade O r g a n i z a t i o n . T h e last decade has w i t n e s s e d t h e c r e a t i o n 
o f t h e f i r s t o rgan iza t ion f o r governance o f w o r l d t r a d e . T h e W T O , t h e 
o u t c o m e o f h a l f a c e n t u r y o f G A T T ( G e n e r a l A g r e e m e n t o n Trade a n d 
Tar i f fs ) nego t ia t ions , has t r a n s f o r m e d t h e ways i n w h i c h na t ions dea l w i t h 
each o the r . I n i ts m o s t general p rov i s ions , t h e W T O sees t h e e n d o f t a r i f f s 
a n d quotas , a n d t h e gradua l r e d u c t i o n o f subsidies t o p r o d u c t i o n a n d 
e x p o r t . T h i s i s n o t t o suggest t h a t t h e W T O has r e p l a c e d a r e g u l a t e d g loba l 
e c o n o m y w i t h t h e free m a r k e t . 2 T o t h e con t ra ry , t h e W T O has s h i f t e d 
g loba l governance f r o m one set o f i n s t i t u t i o n s t o ano the r a s y e t i l l - d e f i n e d 
set. F u r t h e r m o r e , w h i l e t h e last f e w m o n t h s have w i t n e s s e d several events 
t h a t suggest a h i a tus i n t h i s process (e.g. t h e increase i n US a g r i c u l t u r a l 
subsidies a n d t h e U S t a r i f f s o n i m p o r t e d s teel) , i t i s u n l i k e l y t h a t g loba l 
t r a d e w i l l r e v e r t t o i t s p r e - W T O p o s i t i o n . 
1. 
2. 
Michigan State University, East Lansing, USA. 
The very idea of a fully free market is absurd. Markets are institutions and like all institutions must have 
rules of governance (see Bromley 1997). 
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O f p a r t i c u l a r i m p o r t a n c e f o r a g r i c u l t u r e a n d a g r i c u l t u r a l research are 
t h r e e W T O agreements , w h i c h have t h e e f f ec t o f es tab l i sh ing a n e w f o r m o f 
g loba l governance . 3 
T h e Sani ta ry a n d P h y t o s a n i t a r y (SPS) a g r e e m e n t i s de s igned t o ensure 
t h a t na t ions do n o t use SPS issues as n o n - t a r i f f t r a d e bar r i e r s . S ignator ies to 
t h e ag reemen t p l edge t h a t t h e y w i l l use e i t h e r t h e s tandards p r o m u l g a t e d b y 
es tab l i shed i n t e r n a t i o n a l o rganiza t ions (e.g. C o d e x A l i m e n t a r i u s ) o r w i l l 
i n t r o d u c e sc i en t i f i c ev idence t o s h o w t h a t some, p r e s u m a b l y h igher , s tandards 
w i l l b e used (Jukes 2 0 0 0 ) . H o w e v e r , o n l y a f e w na t ions have t h e w h e r e w i t h a l 
t o p r o m u l g a t e t h e i r o w n s tandards . T h o s e na t ions t h a t d o , such a s t h e 
E u r o p e a n U n i o n ( E U ) a n d U S A , o f t e n have h i g h e r s tandards t h a n those 
p r o m u l g a t e d b y i n t e r n a t i o n a l bod ies . T h u s , i n p rac t i ce , d e v e l o p i n g na t ions 
d e s i r i n g t o e x p o r t t o E u r o p e o r U S A m u s t m e e t t h e n o t a lways c o m p a t i b l e 
s tandards o f these na t ions . 
T h e T e c h n i c a l Bar r ie rs t o Trade ( T B T ) ag reemen t covers those aspects o f 
f o o d t r a d e n o t e x p l i c i t l y m e n t i o n e d i n t h e SPS ag reemen t . Techn ica l ba r r ie r s 
t o t r a d e i n c l u d e d i f f e r e n t i a l t r e a t m e n t o f d o m e s t i c a n d i m p o r t e d p r o d u c t s , 
unnecessar i ly prec ise o r arcane l abe l ing o r packaging r e q u i r e m e n t s , u n d u e 
delays a t p o r t s o f en t ry , o r special p a p e r w o r k r e q u i r e m e n t s . I n m a n y ways , 
T B T r e q u i r e m e n t s are easier t o g rapp le w i t h t h a n are SPS r e q u i r e m e n t s . 
T h e T rade R e l a t e d I n t e l l e c t u a l P r o p e r t y R i g h t s ( T R I P s ) a g r e e m e n t was 
d e s i g n e d t o h a r m o n i z e i n t e l l e c t u a l p r o p e r t y (e .g . pa t en t s , t r a d e m a r k s , 
c o p y r i g h t s , t r a d e secrets) g loba l ly . I m p o r t a n t l y , i t was i n t r o d u c e d as a r e s u l t 
o f p ressure b y large c o r p o r a t i o n s i n i n d u s t r i a l i z e d na t i ons c o n c e r n e d a b o u t 
t h e u n a u t h o r i z e d use o f t h e i r i n t e l l e c t u a l p r o p e r t y i n d e v e l o p i n g n a t i o n s . 
I r o n i c a l l y , w e s t e r n c o m p a n i e s seek ing t o p a t e n t w e l l - e s t a b l i s h e d t r a d i t i o n a l 
k n o w l e d g e have also u s e d t h i s a g r e e m e n t , w i t h m o r e o r less e f fec t iveness 
( M c M i c h a e l 2 0 0 1 ) . I n o n e w i d e l y p u b l i c i z e d case, t h e U S p a t e n t g r a n t e d f o r 
t h e c l o t t i n g p r o p e r t i e s o f t u r m e r i c was r e v o k e d a f t e r a f o r m a l p r o t e s t was 
f i l e d b y t h e I n d i a n C o u n c i l f o r S c i e n t i f i c a n d I n d u s t r i a l Research . H o w e v e r , 
i n m o s t ins tances ( 1 ) d e v e l o p i n g n a t i o n s have b e e n h a r d p ressed t o m o u n t 
t h e necessary legal c a m p a i g n t o cha l l enge s u c h pa t en t s , a n d ( 2 ) c a n n o t 
a f f o r d t h e h i g h costs o f m o u n t i n g t h e i r o w n i n t e l l e c t u a l p r o p e r t y 
e n f o r c e m e n t sys tems . 
3. All three agreements are available in their entirety at http://www.wto.org/english/docs_e/legal_e/ 
final e.htm 
7 4 
2 . T r a n s p o r t a n d c o m m u n i c a t i o n s technologies . T h e last several decades have 
seen s w e e p i n g changes i n t h e f ie lds o f t r a n s p o r t a t i o n a n d c o m m u n i c a t i o n s . 
T h o s e changes can be s u m m a r i z e d as f o l l o w s : 
a . T r a n s p o r t costs have d e c l i n e d as f u e l costs have d e c l i n e d a n d means of 
t r a n s p o r t have b e c o m e m o r e e f f i c i e n t . T h i s i s especial ly t r u e o f air 
t r a n s p o r t a t i o n . T h u s , a grea ter p o r t i o n o f a g r i c u l t u r a l p r o d u c t i o n i s 
n o w s h i p p e d b y air t h a n ever be fo re . C o m b i n e d w i t h t h e p o o r roads 
a n d l i m i t e d r a i l t r a n s p o r t avai lable i n m u c h o f A f r i c a , t h i s has 
c o n t r i b u t e d t o t h e p a r t i a l d i s c o n n e c t i o n o f u r b a n areas f r o m t h e i r 
h i n t e r l a n d s in m a n y d e v e l o p i n g na t ions . H o t e l s , res taurants and even a 
s ign i f ican t p o r t i o n o f u r b a n f o o d suppl ies i n m a n y d e v e l o p i n g nat ions 
are n o w p r o v i s i o n e d v ia i m p o r t s even w h e n t h e s u r r o u n d i n g 
c o u n t r y s i d e has t h e p o t e n t i a l t o f u l f i l l m a n y o f those needs. 
b . C o m m u n i c a t i o n costs have also d e c l i n e d . O l d e r , land-based t e l e p h o n e 
l ines are b e i n g r e p l a c e d o r s u p p l a n t e d b y m i c r o w a v e t ransmiss ions . I n 
m a n y na t ions , ce l l p h o n e usage i s greater t h a n l a n d l i n e usage, d u e to 
t h e d i f f i c u l t i e s i n v o l v e d i n s e t t i ng u p l a n d l ines . F u r t h e r m o r e , t h e 
c o m b i n a t i o n o f fax mach ines , e l e c t r o n i c m a i l a n d t h e I n t e r n e t o f fe r 
re ta i le rs n e w and m u c h cheaper ways t o i n t e r a c t w i t h t h e i r suppl iers . 
O f p a r t i c u l a r s ignif icance i s t h e rise o f e - c o m m e r c e i n foods tu f f s . 
W h e r e a s i n t h e past b r o k e r s p l a y e d a n i m p o r t a n t ro l e i n c o n n e c t i n g 
thousands o f p r o d u c e r s w i t h a sma l l e r b u t s t i l l s ign i f ican t n u m b e r o f 
supe rmarke t s , e - c o m m e r c e i s r a p i d l y co l laps ing t h e b r o k e r ro l e . 
B roke r s d o w e l l i n spot m a r k e t s , w h e r e t h e y p r o v i d e t h e i m p o r t a n t 
service o f l i n k i n g buye r s a n d sellers. B u t i n t h e n e w w o r l d o f e -
c o m m e r c e , buyers , sellers a n d t r anspor t e r s can i d e n t i f y each o ther , 
discuss q u a n t i t i e s , qua l i t i e s , t i m i n g a n d p r i ce , a n d sh ip goods d i r e c t l y . 
Several large e - c o m m e r c e n e t w o r k s are n o w ope ra t ing i n t h e f o o d 
i n d u s t r y a n d t h e y are g r o w i n g rap id ly . 4 T h e y o f f e r p o t e n t i a l n e w w a y s 
f o r s m a l l h o l d e r s a n d s m a l l h o l d e r associations t o l i n k t o d o m e s t i c 
u r b a n a n d even f o r e i g n buyers . T h i s m a y seem l i k e a d r e a m , b u t w i t h 
d e c l i n i n g t e c h n o l o g y costs, such systems w i l l soon be a f fo rdab le i n 
s m a l l t o w n s a n d in a decade o r less even in r e m o t e vil lages. M o r e o v e r , 
t h e i r use n e e d n o t b e r e s t r i c t e d t o e - c o m m e r c e ; d e l i v e r y o f m a r k e t 
i n f o r m a t i o n , wa rn ings o f d r o u g h t a n d f l o o d i n g a n d p r o b a b l y a n u m b e r 
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4. See, for example, https://www.agribuys.com, and http://www.foodtrader.com/ 
o f as y e t u n k n o w n uses w i l l emerge . B y j o i n i n g t h i s c o m m u n i c a t i o n s 
r e v o l u t i o n , d e v e l o p i n g na t ions s h o u l d b e able t o l e ap f rog o l d e r 
t e c h n o l o g i e s . 
Together , these shif ts i n t r a n s p o r t a t i o n a n d c o m m u n i c a t i o n t echno log i e s are 
f o r c i n g a r eo rgan i za t i on o f f o o d s u p p l y chains on a scale n o t seen since t h e 
i n v e n t i o n o f t h e r a i l w a y changed u r b a n p r o v i s i o n i n g nea r ly 2 0 0 years ago. 
3 . G r o w t h o f u rban areas. A t t h e same t i m e , u r b a n g r o w t h i s changing t h e 
relat ions people have w i t h t h e l and . T h i s g r o w t h i s d r i v e n by a c o m b i n a t i o n o f 
p u s h and p u l l factors. D r o u g h t , f lood ing , c i v i l s t r i fe a n d war , and a host o f o the r 
catastrophes are push ing people away from ru ra l areas. N o m a d i c popula t ions , 
always t h e bane of u r b a n governments , are be ing se t t l ed as l and is enclosed a n d 
n o m a d i c l ifestyles b e c o m e unsustainable. H o w e v e r , as always, cit ies offer t h e 
poss ib i l i ty o f w e a l t h a n d i n c o m e - a p o t e n t i a l rarely realized, b u t o f t e n h o p e d 
for. Thus , v i r t u a l l y all cit ies in deve lop ing nat ions are su r rounded by bidonvilles, 
favelas, o r s lums w h e r e those d isplaced f r o m ru ra l areas eke o u t a l i v ing . In 
m o s t deve lop ing nations, t h e f o o d supply n e t w o r k s have y e t t o respond t o th i s 
m a r k e d t r a n s f o r m a t i o n o f t h e landscape.5 
4 . G r o w t h o f g loba l m i d d l e class. U r b a n i z a t i o n has also b e e n l i n k e d t o t h e r i s e 
o f a n e w m i d d l e class i n m a n y d e v e l o p i n g na t ions . W h i l e t h e size o f t h e 
m i d d l e class varies f r o m c o u n t r y t o c o u n t r y , i t s m e m b e r s share several 
i m p o r t a n t fea tures . F i r s t , t h e y are o f t e n se l f -consc ious ly m o d e r n . T h e y 
t e n d t o i m i t a t e m i d d l e class w e s t e r n values a n d b u y (at least some) m i d d l e 
class w e s t e r n foods a n d f o o d p r o d u c t s . Second , t h e y are l i k e l y t o d e m a n d 
m o r e m e a t , da i ry , f r u i t a n d vege tab le p r o d u c t s t h a n t h e i r p o o r e r 
c o m p a t r i o t s . T h e r e su l t i s t h a t t h e d e m a n d f o r these p r o d u c t s c o n t i n u e s t o 
r ise , o f f e r i n g n e w o p p o r t u n i t i e s a n d n e w chal lenges f o r a g r i c u l t u r a l 
research . 
The n e w global food regime 
T h e rise o f t h e W T O , t h e i m p r o v e m e n t s i n t r a n s p o r t a t i o n a n d c o m m u n i c a t i o n 
a n d t h e i r r e d u c e d costs, t h e r a p i d u r b a n i z a t i o n o f d e v e l o p i n g na t ions , a n d t h e 
g r o w t h o f a g loba l m i d d l e class have n o t gone u n n o t i c e d i n t h e p r i v a t e sector . 
I n d e e d , l i k e t h e a u t o m o b i l e i n d u s t r y i n t h e 1970s , t h e f o o d i n d u s t r y has b e g u n 
t o t a k e o n a g loba l f lavor . Each o f t h e t h r e e branches o f t h e f o o d i n d u s t r y -
r e t a i l , res taurants a n d c a t e r i n g - i s n o w g loba l i n scope. 
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5. For example, the metropolitan area of Sao Paulo, with some 20 million inhabitants, is still provisioned 
largely by a wholesale spot market. However, this is beginning to change. 
I n m o s t i n d u s t r i a l na t ions , a h a n d f u l o f s u p e r m a r k e t chains d o m i n a t e t h e 
r e t a i l scene. I n t h e U S A t h e t o p f o u r re ta i le rs c o m m a n d 4 0 % o f t h e m a r k e t . 
F o u r chains i n t h e U n i t e d K i n g d o m c o n t r o l 7 0 % o f t h e m a r k e t . I n A u s t r a l i a 
t h r e e chains have 7 0 % o f t h e m a r k e t . W a l - M a r t has b e c o m e t h e largest 
s u p e r m a r k e t c h a i n i n G e r m a n y . 
B u t as r e c e n t l y as 10 years ago, s u p e r m a r k e t s w e r e la rge ly c o n f i n e d to 
i n d u s t r i a l na t ions . In a decade, t h e t i d e has t u r n e d . Today, no longer severely 
h a m p e r e d by t a r i f f s a n d quotas , s u p e r m a r k e t chains are aggressively m o v i n g 
i n t o m i d d l e a n d even l o w - i n c o m e na t ions t o r ad i ca l l y a l t e r t h e p r o v i s i o n i n g o f 
u r b a n areas w i t h f o o d . I n C h i l e f o u r f i r m s c o n t r o l 6 6 % o f t h e m a r k e t . I n 
K e n y a , t w o chains each have m o r e t h a n 2 0 stores a n d are e x p a n d i n g rap id ly . 
E v e n Z a m b i a has a s u p e r m a r k e t c h a i n w i t h 18 stores ( G i o v a n n u c c i e t a l . 
2 0 0 1 ) . 
M o r e o v e r , large m u l t i n a t i o n a l compan ie s are e x p a n d i n g b y r a p i d l y 
pu rchas ing p r o f i t a b l e loca l a n d reg iona l chains, e i t h e r i n w h o l e o r i n pa r t . 
T h u s , D u t c h - b a s e d Roya l A h o l d , w i t h a b o u t 1 0 0 0 0 stores global ly , i s 5 0 % 
o w n e r o f Pais s u p e r m a r k e t s i n G u a t e m a l a . F r e n c h f i r m C a r r e f o u r i s also ac t ive 
w o r l d w i d e w i t h a b o u t 1 0 0 0 0 stores. A n d , W a l - M a r t ' s g r o w t h i s n o w largely 
o u t s i d e t h e U S A . 
T h e s t ra tegy used b y these f i r m s i s essent ia l ly t h e same w o r l d w i d e . I t 
consists o f fac tors l i k e geography, s tore size a n d m a r k e t s e g m e n t a t i o n . 
Geograph ica l ly , a presence i s f i r s t es tab l i shed in m a j o r c i t i es . T h e n , stores are 
o p e n e d i n secondary c i t ies a n d s m a l l t o w n s . Stores range f r o m h y p e r m a r k e t s , 
t o s u p e r m a r k e t s , t o n e i g h b o r h o o d conven ience stores, d e p e n d i n g o n t h e size 
o f t h e m a r k e t . F u r t h e r m o r e , t h e m a r k e t i s r a p i d l y s egmen ted . W h i l e t h e 
u p p e r e n d o f t h e m a r k e t i s t h e m o s t p r o f i t a b l e , i t i s r e l a t i ve ly s m a l l . T h u s , 
once es tab l i shed , s u p e r m a r k e t s have a n i n c e n t i v e t o m o v e d o w n t h e e c o n o m i c 
l a d d e r w h i l e increas ing t h e v o l u m e o f sales. 
W h i l e t h e p r o f i t p o t e n t i a l i s h i g h , c o m p e t i t i o n r ema ins f i e r c e a n d p r o f i t 
marg ins are l o w . A s m a l l dec l i ne in revenues can m e a n t h e d i f f e r e n c e b e t w e e n 
p r o f i t a n d loss. T h u s , t h e expans ion o f supe rmarke t s i n t o d e v e l o p i n g na t ions i s 
a d a u n t i n g task. O f p a r t i c u l a r c o n c e r n i s sourc ing o f f resh p r o d u c t s . Large 
s u p e r m a r k e t chains w a n t f resh p r o d u c t s o n t h e shelves 1 2 m o n t h s o f t h e year. 
T h e y w a n t p r o d u c t q u a l i t y t o r e m a i n cons tan t t h r o u g h o u t t h e year. A n d t h e y 
w a n t t o m i n i m i z e p r i c e f l u c t u a t i o n s . 
F u r t h e r m o r e , t h e v e r y size o f t h e s u p e r m a r k e t giants makes t h e m 
v u l n e r a b l e t o ac t iv i s t g roups ( largely i n t h e f i r s t w o r l d ) o f a l l k i n d s . T h u s , i n 
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a d d i t i o n t o concerns a b o u t qua l i t y , s u p e r m a r k e t s are inc reas ing ly c o n c e r n e d 
a b o u t f o o d safety, e n v i r o n m e n t , a n i m a l w e l f a r e a n d even l a b o r issues. As a 
resu l t , re ta i le rs a n d r e t a i l e r associations have b e g u n t o p r o m u l g a t e t h e i r o w n 
s tandards . 
The n e w standards regime 
A l t h o u g h s e l d o m recogn ized a s m o r e t h a n e i t he r obscure t e c h n i c a l deta i ls o r 
means to r e d u c i n g t ransact ions costs, s tandards are a cen t r a l fea ture in 
c o n t e m p o r a r y l i f e . Standards gove rn v i r t u a l l y every p r o d u c t m a n u f a c t u r e d , 
every c o n t r a c t s igned, every service r e n d e r e d . In t h e past s tandards w e r e h i g h l y 
l oca l a n d o f t e n t i m e s personal ized; t oday standards gove rn t h e p r o d u c t i o n a n d 
c o n s u m p t i o n o f j u s t abou t e v e r y t h i n g . I n s o do ing , s tandards d i sc ip l ine o u r v e r y 
l ives. For e x a m p l e , a s t andard f o r f l o u r is also a s t andard fo r m i l l s a n d f o r t h e 
persons w h o opera te those m i l l s . A s tandard fo r m i l l e t i s a s tandard f o r fa rmers 
w h o p r o d u c e m i l l e t . T h e r e i s n o w a y t h a t smal l f a rmers can en te r m a i n s t r e a m 
c o m m e r c i a l m a r k e t s unless t h e y can m e e t such standards. 
W h e r e a s i n t h e past s tandards w e r e focused la rge ly o n c r ea t i ng 
u n i f o r m i t y , a n d t h u s o n r e d u c i n g t ransac t ions costs ( H i l l 1 9 9 0 ) , m a n y i f n o t 
m o s t o f t o d a y ' s s tandards are a i m e d a t p r o d u c t d i f f e r e n t i a t i o n . 6 S tandards 
m a y b e u s e d t o guarantee a u t h e n t i c i t y (e.g. K e n y a n t ea ) . T h e y m a y b e 
des igned t o f u l f i l l c e r t a i n w i d e l y agreed u p o n f u n c t i o n s (e.g. f o o d safe ty) . 
T h e y m a y b e des igned t o f a c i l i t a t e c o o r d i n a t i o n (e.g. boxes des igned t o f i t o n 
pa l le t s , pa l l e t s de s igned t o f i t o n t r u c k s ) . T h e y m a y ensure t h e r e p u t a t i o n o f 
t h e c o m p a n y p r o d u c i n g t h e p r o d u c t i n q u e s t i o n . 
I n a d d i t i o n , s tandards are n o w used s t ra teg ica l ly b y b o t h g o v e r n m e n t s 
a n d f i r m s (Pe r ry e t a l . 1 9 9 7 ; C a s w e l l e t a l . 1 9 9 8 ; H a y w a r d e t a l . 1998 ; V r i e s 
1 9 9 9 ) . For e x a m p l e , C h i n a has e m b a r k e d o n a d e l i b e r a t e p o l i c y t o upg rade i t s 
s tandards f o r f resh a n d processed f o o d p r o d u c t s as a means o f e n h a n c i n g i t s 
o v e r a l l e c o n o m i c s t and ing ( K r i s l o v 1 9 9 7 ) . F i r m s also use s tandards t o 
d i f f e r e n t i a t e t h e i r p r o d u c t s f r o m those o f o t h e r c o m p a n i e s . T h u s , far f r o m 
b e i n g m e r e t e c h n i c a l r e q u i r e m e n t s , s tandards are i m p l i c a t e d i n t h e m o r a l 
e c o n o m y o f o u r c o n t e m p o r a r y w o r l d ( B u s c h 2 0 0 0 ) . 
I n p a r t i n d u c e d b y t h e f o r m a t i o n o f t h e W T O a n d i t s several agreements , 
t h e g loba l s tandards r e g i m e i s changing . O r , t o p u t i t d i f f e r e n t l y , a n 
6. Bowker and Star (1999) note that standards are a subset of the problems inherent in all classification 
systems. 
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i n t e r n a t i o n a l s tandards r e g i m e i s e m e r g i n g - one w h i c h has h a r d l y been 
n o t i c e d i n m o s t d e v e l o p i n g na t ions . L e t u s e x a m i n e t h i s n e w standards r e g i m e . 
I n t e r n a t i o n a l standards. I n t e r n a t i o n a l s tandards have been a r o u n d f o r some 
t i m e , b u t u n t i l r e c e n t l y t h e y have b e e n largely vo lun t a ry . W h o e v e r sat a r o u n d 
t h e t ab l e w h e n s tandards w e r e f o r m u l a t e d was able t o pa r t i c i pa t e i n t h e i r 
d e v e l o p m e n t , b u t anyone was free t o ignore t h e s tandards. T h i s a l l changed 
w i t h t h e c r e a t i o n o f t h e W T O a n d i t s d e f ac to e n f o r c e m e n t o f s tandards. I n 
pa r t i cu l a r , s tandards p r o m u l g a t e d b y t h e C o d e x A l i m e n t a r i u s , 7 t h e 
I n t e r n a t i o n a l P lan t P r o t e c t i o n C o n v e n t i o n 8 ( I P P C ) a n d t h e O f f i c e 
i n t e r n a t i o n a l des ep i zoo t i e s 9 ( O I E ) have b e c o m e de fac to manda to ry . 
Together , these s tandards l i m i t w h a t can b e t r a d e d i n t e r n a t i o n a l l y based o n 
f o o d safety, p h y t o s a n i t a r y a n d a n i m a l h e a l t h . 
I n d u s t r y standards. B u t desp i t e t h e r e n e w e d in t e r e s t i n p u b l i c i n t e r n a t i o n a l 
s tandards , i t i s t h e n e w p r i v a t e s tandards reg imes t h a t are l i k e l y t o have t h e 
m o s t p r o f o u n d e f fec t o n g loba l f o o d p r o c u r e m e n t a n d t r a d e (Brunsson a n d 
Jacobsson 2 0 0 0 ) . C o n s i d e r so m e o f t h e p r i v a t e sec tor i n i t i a t i ve s t h a t 
c o m p l e m e n t a n d s o m e t i m e s ecl ipse t h e p u b l i c s tandards . 
C I E S , t h e g loba l associa t ion o f f o o d re ta i le rs a n d processors, has 
es tab l i shed i t s o w n f o o d safety s tandards . 1 0 These s tandards are des igned to 
a l l o w re ta i le rs t o r e d u c e costs i n c u r r e d i n m e e t i n g m u l t i p l e i n t e r n a t i o n a l and 
n a t i o n a l s tandards w i t h respec t t o f o o d safety b y adhe r ing t o a single 
m e t a s t a n d a r d t h a t c o m b i n e s r e q u i r e m e n t s f r o m a l l m a j o r f o o d i m p o r t i n g 
na t ions . 
C O L E A C P , t h e L i a i son C o m m i t t e e E u r o p e A f r i c a Car ibbean , Pacific, i s a 
p r i v a t e v o l u n t a r y o rgan i za t i on cons i s t ing o f e x p o r t e r s a n d i m p o r t e r s 
s u p p o r t e d b y t h e E U a n d cha rged w i t h adherence t o rules regard ing m a x i m u m 
pes t i c ide res idue levels . 1 1 I t i s a n i n t e r e s t i n g e x a m p l e o f p r i va t e e n f o r c e m e n t 
o f p u b l i c s tandards . E x p o r t e r s a n d i m p o r t e r s are i n t e r e s t e d i n j o i n i n g w i t h 
C O L E A C P because i t leaves c o n t r o l i n t h e hands o f t h e p r iva t e sector w i t h 
o n l y m i n i m a l g o v e r n m e n t overs igh t . A t t h e same t i m e , g o v e r n m e n t s l i k e i t 
because i t re l ieves t h e m o f m o s t o f t h e costs o f e n f o r c e m e n t . 
7. http://www.codexalimentarius.net 
8. http://www.ippc.int/ 
9. http://www.oie.int 
10. http://www.ciesnet.com/ 
11' http://www.coleacp.org 
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T h e E u r o - R e t a i l e r P r o d u c e W o r k i n g G r o u p ( E U R E P ) i s a n associa t ion o f 
s u p e r m a r k e t chains t h a t have agreed t o r e q u i r e m i n i m u m qua l i t y , safety, 
e n v i r o n m e n t a n d l abo r s tandards i n t h e i r purchases . 1 2 E U R E P i s i m p o r t a n t 
because i t i s i n large p a r t a p r o a c t i v e response t o d e m a n d s o f c o n s u m e r s t h a t 
g o far b e y o n d f o o d q u a l i t y . 
T h e I n t e r n a t i o n a l O r g a n i z a t i o n f o r S t a n d a r d i z a t i o n ( I S O ) f o r m u l a t e s 
s tandards f o r va r i ous tes ts u s e d i n m e a s u r e m e n t o f f o o d s tandards . These tes ts 
are a l l t h e m o r e i m p o r t a n t a s ( s o m e ) f o o d s tandards have b e c o m e far m o r e 
s c i en t i f i c t h a n w a s t h e case i n t h e past . F u r t h e r m o r e , I S O f o r m u l a t e s 
manage r i a l s tandards ( I S O 9 0 0 0 ) a n d e n v i r o n m e n t a l s tandards ( I S O 
1 4 0 0 0 ) . 1 3 Re ta i le rs f r e q u e n t l y r e q u i r e adherence to these I S O s tandards as a 
m a r k o f g o o d a g r i c u l t u r a l o r m a n u f a c t u r i n g p r a c t i c e a m o n g supp l i e r s . 
F ina l ly , Soc ia l A c c o u n t a b i l i t y I n t e r n a t i o n a l has successful ly d e v e l o p e d i t s 
S A 8 0 0 0 s tandards f o r h u m a n r igh t s , i n c l u d i n g c h i l d labor , f o r c e d labor , h e a l t h 
a n d safety, f r e e d o m o f associa t ion, w o r k i n g h o u r s a n d r e m u n e r a t i o n . 1 4 S A 
8 0 0 0 s tandards m o v e w h a t w e r e once sole ly p o l i t i c a l issues i n t o t h e e c o n o m i c 
arena. 
A c r i t i c a l aspect o f these p r o l i f e r a t i n g p r i v a t e s tandards i s t h e use o f t h i r d 
p a r t y c e r t i f i c a t i o n t o ensure adherence t o s tandards . T h u s , l i t e r a l l y thousands 
o f t h i r d p a r t y c e r t i f i c a t i o n f i r m s have s p r u n g u p w o r l d w i d e , c e r t i f y i n g 
e v e r y t h i n g f r o m f o o d q u a l i t y t o a n i m a l w e l f a r e t o organic ru les t o non-use o f 
h o r m o n e s t o cleanl iness o f p a c k i n g fac i l i t i e s . Reta i le rs p r e f e r t h i r d p a r t y 
c e r t i f i c a t i o n because i t avoids d i r e c t l y p o l i c i n g supp l i e r s and , a t t h e same t i m e , 
a l l o w s t h e m t o d e f l e c t c r i t i c i s m i n t h e e v e n t o f a f a i l u r e i n s tandards 
e n f o r c e m e n t . H o w e v e r , t h i r d p a r t y c e r t i f i c a t i o n can b e q u i t e expens ive , 
i n v o l v i n g , f o r e x a m p l e , f l y i n g a t e a m o f ce r t i f i e r s f r o m E u r o p e t o A f r i c a t o 
i n s p e c t f a r m s a n d p a c k sheds. 
O f course , i n d u s t r y s tandards d o n o t p r e e m p t t h e s tandards o f i n d i v i d u a l 
f i r m s . T h o s e s tandards can a n d d o i n c l u d e t h e t y p e s o f packag ing used , t h e 
degree o f r ipeness o f f r e sh p r o d u c t s , t h e t i m e spen t i n t r a n s p o r t a n d t h e f o r m 
o f p r i v a t e labels . For e x a m p l e , c o m p a n i e s m a y speci fy t h e use o f r ecyc lab le 
p las t i c crates f o r p r o d u c e , e v e n g o i n g s o far a s t o spec i fy t h e t y p e a n d c o l o r o f 
p las t i c t o b e u sed . T h o s e w i s h i n g t o se l l t o t h e r a p i d l y g r o w i n g g loba l r e t a i l 
f o o d i n d u s t r y m u s t c o n f o r m t o these s tandards a s w e l l . 
1 2 . h t t p : / / w w w . e u r e p . t w r g 
13. http://www.iso.ch 
1 4 . h t t p : / / w w w . c e p a a . o r g 
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N a t i o n a l standards. T h i s i s n o t to say t h a t na t i ona l s tandards are no longer 
r e l evan t . In s t ead , n a t i o n a l s tandards have t e n d e d t o sh i f t f r o m d i r e c t 
i n s p e c t i o n a n d m o n i t o r i n g ( w i t h v a r y i n g degrees o f effect iveness f r o m n a t i o n 
t o n a t i o n ) t o i n d i r e c t su rve i l l ance . For e x a m p l e , whereas on-s i te i n s p e c t i o n b y 
g o v e r n m e n t agents was once t h e n o r m , H a z a r d Ana lys i s a n d C r i t i c a l C o n t r o l 
Poin ts ( H A C C P ) , n o w c o m m o n l y u sed i n m e a t a n d seafood indus t r ies , 
r equ i re s c o n t i n u o u s m o n i t o r i n g o f p r o d u c t i o n processes a n d ma in t enance o f 
r ecords f o r a u d i t b y g o v e r n m e n t inspec tors . I n t h e U S A , t h e F o o d a n d D r u g 
A d m i n i s t r a t i o n o n l y inspec ts some 2 % o f a l l i m p o r t e d f o o d p r o d u c t s . B u t , 
especia l ly i n na t ions w i t h w e a k f o o d c o n t r o l a u t h o r i t i e s , i t i s t h e p r i va t e sector 
t h a t o f t e n i s respons ib le f o r i n s p e c t i o n . 1 5 I n those instances, some a t t e n t i o n 
m a y b e p a i d t o a c c r e d i t i n g o f c e r t i f y i n g bodies . H o w e v e r , l i t t l e i s k n o w n abou t 
these p rocedu re s . 
O n e e x c e p t i o n t o t h e sh i f t t o i n d u s t r y a n d p r i v a t e s tandards i s t h e area o f 
p l a n t pests. A s these usua l ly d o n o t a f fec t h u m a n s , t h e y are o f r e l a t i ve ly l i t t l e 
c o n c e r n t o re ta i le rs . G o v e r n m e n t s r e m a i n t h e enforcers o f these s tandards. 
U S p h y t o s a n i t a r y s tandards are o f p a r t i c u l a r s ignif icance f o r A f r i c a n na t ions . 
Several years ago t h e U S A o p e n e d i t s m a r k e t s t o a w i d e range o f A f r i c a n 
a g r i c u l t u r a l p r o d u c t s u n d e r t h e A f r i c a n G r o w t h a n d O p p o r t u n i t y A c t 
( A G O A ) . B u t m o s t A f r i c a n na t ions have f e w p r o d u c t s a p p r o v e d f o r 
i m p o r t a t i o n b y t h e A n i m a l a n d Plant H e a l t h I n s p e c t i o n Service ( A P H I S ) . 
T h e r e i s l i t t l e o r n o ev idence t h a t A P H I S d e l i b e r a t e l y seeks t o bar admiss ion 
o f A f r i c a n a g r i c u l t u r a l p r o d u c t s t o t h e U S A , b u t t h e costs a n d t i m e i n v o l v e d i n 
p e r f o r m i n g t h e necessary tests t o a d d i t e m s t o t h e l i s t can b e d a u n t i n g f o r 
m o s t A f r i c a n fa rmers , f i r m s a n d na t ions . Eu ropean U n i o n p l a n t qua ran t i ne 
r e q u i r e m e n t s t e n d t o b e less r e s t r i c t i v e a s m a n y o f t h e pests c o m m o n i n A f r i c a 
are c o m m o n i n E u r o p e a s w e l l . B u t , here t o o , p h y t o s a n i t a r y r e s t r i c t i ons can 
s o m e t i m e s b e b u r d e n s o m e . 
M e e t i n g these n e w a n d e m e r g i n g s tandards, b o t h p u b l i c a n d p r i v a t e , w i l l 
n o t be easy. M o r e o v e r , by n o t be ing a t t h e t ab le w h e n s tandards are 
f o r m u l a t e d , d e v e l o p i n g na t ions r i sk b e i n g o n t h e shor t e n d o f t h e s t i ck . T h e 
m a g n i t u d e o f t h e p r o b l e m i s m a d e clear i n a r ecen t a r t i c l e t h a t notes t h a t 
r ev i sed E U rules o n m a x i m u m levels o f a f l a t o x i n i n foods w i l l save 
a p p r o x i m a t e l y 1.4 dea ths pe r b i l l i o n w h i l e i t w i l l cos t A f r i c a U S $ 6 7 0 m i l l i o n 
i n los t e x p o r t s (Tsuneh i ro e t a l . 2 0 0 1 ) . 
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15. Of course, such inspections are not random, 
suspect nations can expect more careful and 
Frequent offenders, particularly 
more frequent inspection. 
vulnerable products, and 
T h i s n e w w o r l d o f s u p e r m a r k e t s a n d g loba l c o m m e r c e of fers b o t h n e w 
o p p o r t u n i t i e s a n d n e w th r ea t s t o f a rmers , i n c l u d i n g those o f t h e s e m i - a r i d 
t r o p i c s . Q u i t e obv ious ly , i f f a r m e r s c a n n o t m e e t t h e n e w s tandards , t h e y w i l l 
f i n d t hemse lve s p u s h e d o u t o f t h e m a r k e t p l a c e . B u t i f t h e y can, o r m o r e 
precisely, i f t h e y are h e l p e d t o m e e t those s tandards , several n e w o p t i o n s o p e n 
t o t h e m . E a c h o f these m a r k e t s of fers n e w o p p o r t u n i t i e s a n d n e w chal lenges 
f o r research. T h e y i n c l u d e : 
( 1 ) Par t ic ipa t ion in t h e g r o w i n g organic m a r k e t (e.g. g r o w i n g f ru i t s o r nu ts 
w i t h o u t us ing chemicals ) . Organics are gaining m a r k e t share rap id ly in b o t h 
t h e E U and t h e U S A . Organic p r o d u c t i o n can somet imes take advantage o f 
t h e lack o f chemica l i npu t s i n t o agr icul ture , and can use labor to replace 
chemicals . B u t success in organic marke t s requires b o t h m e e t i n g organic 
standards and al l t h e o the r r equ i remen t s o f t h e retailers. 
( 2 ) Se l l i ng t h r o u g h fa i r t r a d e organiza t ions ( t h e r e b y t a k i n g advantage o f t h e 
p o l i t i c a l c o m m i t m e n t s o f a t least some c o n s u m e r s ) . These organiza t ions 
o f f e r t h e s ign i f i can t advantage o f h i g h e r p r ices p a i d b y c o m m i t t e d 
consumers . H o w e v e r , t o da te m u c h o f t h e sales have been t o special f a i r 
t r a d e stores (e.g. M a x H a v e l a a r ) , w h i c h ca r ry o n l y a l i m i t e d range o f n o n -
per i shab le m e r c h a n d i s e . 
( 3 ) D e v e l o p i n g p r o d u c t s f o r n i c h e m a r k e t s (e .g. i n c l u d i n g t r o p i c a l f r u i t s , 
nu t s , a n d vegetables n o t w i d e l y c o n s u m e d i n i n d u s t r i a l i z e d na t i ons ) . S u c h 
p r o d u c t s can o f f e r special o p p o r t u n i t i e s t o s m a l l h o l d e r s because t h e y can 
o f t e n p r o v i d e m o r e l abor f o r t h e c r o p t h a n larger p r o d u c e r s . H o w e v e r , 
j u s t because s m a l l h o l d e r s can p r o d u c e i t , does n o t m e a n t h a t t h e r e i s a 
m a r k e t f o r i t . 
( 4 ) P a r t i c i p a t i n g i n overseas e t h n i c m a r k e t s (e.g. t a p p i n g t h e b u y i n g p o w e r o f 
A m e r i c a n , B r i t i s h , o r F r e n c h c i t izens o f A f r i c a n o r i g i n ) . E t h n i c m a r k e t s 
can a n d d o appea l t o t hose w h o m a i n t a i n a c e r t a i n s o l i d a r i t y w i t h t h e i r 
na t ive l a n d . A s such , t h e y can c o m m a n d h i g h e r p r ices f o r p r o d u c t s t h a t 
m i g h t n o t o t h e r w i s e b e e x p o r t a b l e . M o r e o v e r , e t h n i c m a r k e t s can b e used 
a s an en t r ee i n t o larger m a i n s t r e a m m a r k e t s . H o w e v e r , he re t o o , e t h n i c 
a f f i l i a t i o n i s n o t a s u b s t i t u t e f o r qua l i t y . 
Challenges for agricultural research 
I n s u m , t h e g l o b a l a g r i - f o o d r e g i m e i s c h a n g i n g a t a n a s t o n i s h i n g pace . F o o d 
r e t a i l i n g , o n c e q u i t e spec i f i c to a g i v e n c o u n t r y , i s n o w a g l o b a l business . 
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F o o d s tandards , o n c e t h e p r o v i n c e o f g o v e r n m e n t , are m o r e a n d m o r e u s e d 
by t h e p r i v a t e sec to r t o ga in m a r k e t share. T h i s poses a cons ide rab le 
cha l l enge t o n a t i o n a l a g r i c u l t u r a l research sys tems ( N A R S ) a n d t o t h e 
i n t e r n a t i o n a l a g r i c u l t u r a l research cen te r s ( I A R C s ) . I suggest t h a t t h e r e are 
f i v e cha l lenges f a c i n g b o t h N A R S a n d I A R C s , chal lenges w h i c h m u s t b e 
addressed a l o n g w i t h b o t h d e c l i n i n g f u n d i n g a n d a n e x p a n d e d m i s s i o n 
( i n c l u d i n g , f o r e x a m p l e , e n v i r o n m e n t , n a t u r a l r e source a n d sus t a inab i l i t y 
issues): 
1 . M o v e f r o m grain to higher value products . Today, even as some residents of the 
semi-ar id t rop ics f i n d i t d i f f i c u l t t o p rov ide for t he i r families, the w o r l d i s 
awash in a sea of grain. In par t due to the disgraceful and unend ing subsidies to 
t he w e a l t h y p r o v i d e d b y the U S A and the E U , farmers there cont inue t o 
p roduce far m o r e t han the marke t demands. Moreover , recent advances in 
b io technology and genetic engineering, a l though of relat ively m i n o r 
significance w i t h respect to yields, are d r iv ing d o w n costs o f p r o d u c t i o n by 
reducing expensive herbic ide and insect icide applications (E rv in e t al . 2 0 0 0 ) . 
At the same t i m e , Argen t ina and Brazil are r amping up grain and oilseed 
p r o d u c t i o n . I n t he case o f Brazi l , w h o l e n e w areas o f v i rg in l and i n the M a t t o 
Grosso are being opened to soybean p r o d u c t i o n . Fur the rmore , we w o u l d do 
w e l l t o r e m e m b e r t ha t t he center o f the global grain t rade in 1900 was Hungary 
- w h e r e grain f r o m the European breadbasket of t h e Ukra ine , Poland and 
Russia was funneled to Western European markets (Bul le r 1919, S m i t h 1908) . 
As these nations re-enter the global economy, there i s l i t t l e d o u b t tha t t hey t o o 
w i l l con t r i bu t e to a w o r l d w i d e grain g lu t . 
A t t he same t i m e , t he successes o f t he G r e e n Revolu t ion , c o m b i n e d w i t h t he 
massive m i g r a t i o n of people to u rban areas, have t rans formed the landscape in 
developing nations. Today, there are very few t rue subsistence farmers. Even 
poor farmers in the semi-ar id t ropics engage in a w i d e range of act ivi t ies to earn 
t he i r l i ve l i hood . Subsistence farmers can and have benef i t ed f r o m increased 
yields of staple crops, such tha t they were able to increase the i r caloric in take . 
However , once self-provisioning is reached, surplus p r o d u c t i o n m u s t be so ld in 
t h e marketp lace . G i v e n the w o r l d w i d e surplus o f grain and t h e concomi t an t 
l o w prices, farmers are un l ike ly to get m u c h money for t he i r surplus. Pu t 
d i f ferent ly , w h i l e increased yields can be enormously he lp fu l to subsistence 
farmers w h o cannot mee t caloric needs, i t i s impossible to p roduce one's w a y 
ou t o f poverty. Poverty m u s t be t ack led by shif t ing f r o m subsistence crops to 
crops t ha t can be marke t ed . Th i s brings me to t he second challenge. 
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2 . M e e t urban d e m a n d in developing nations. As the w o r l d ' s p o p u l a t i o n becomes 
m o r e and m o r e urban, mee t i ng t h e f o o d needs o f these popula t ions becomes 
m o r e and m o r e c o m p l e x . Cur ren t ly , major ci t ies in deve lop ing nations are 
h o m e to ove r f l owing street marke ts . O f t e n , u rban consumers cannot f i n d the 
t r a d i t i o n a l h o r t i c u l t u r a l p roduc t s a t prices t h a t t h e y can a f fo rd or of a qua l i ty 
t ha t i s edible . W i t h respect to cereals and oilseeds, t hey are o f t en con f ron ted 
w i t h a choice b e t w e e n cheap, processed grain p roduc t s i m p o r t e d f r o m o the r 
parts o f t h e w o r l d and unprocessed local grains o f in fe r io r qual i ty . Moreover , 
i m p o r t e d f o o d p roduc t s o f t en have ext ra prestige associated w i t h t h e m . T h e y 
p r o c l a i m tha t t h e consumer is m o d e r n , is i ndeed a consumer. G i v e n th is , i t is 
no surprise t ha t t hey shif t t he i r diets t o w a r d those o f t he Wes te rn w o r l d . Th i s 
brings m e t o t he t h i r d challenge. 
3 . A d d value t h r o u g h processing. Desp i t e m a n y years o f agr icul tura l research, 
post-harvest processing o f S A T staple crops remains l i m i t e d (Hu l se 1995) . O n e 
need o n l y look a t t he vast range of whea t - and rice-based p roduc t s to see the 
ex t raord inary dif ference. Sorghum-based breakfast p roduc t s are to be f o u n d in 
a f e w nations. B u t in m a n y more , even basic m i l l i n g is o f t en done by hand. Pearl 
m i l l e t poses even greater challenges due to i ts h igh o i l conten t . Deve lop ing 
shelf-stable processed and semi-processed p roduc t s remains a major research 
and m a r k e t i n g challenge. T h e same c o u l d be said of f ru i t s and vegetables. Vast 
quant i t ies of c o m m o n f ru i t s such as mangoes and c i t rus r o t each year for lack of 
adequate post-harvest processing facil i t ies. W h i l e some of th is c o u l d be 
i m p r o v e d w i t h exis t ing technologies, there i s considerable r o o m for low-cos t , 
effect ive , o n - or near-farm preservat ion technologies. Moreover , such post-
harvest processing has t h e po ten t i a l to p rov ide thousands of bad ly needed jobs. 
B u t the re is no par t icu lar reason to set one's horizons solely on the domest ic 
and local ma rke t . 
4 . M e e t supermarke t standards and specifications. Recent changes in t h e 
governance o f w o r l d t rade have opened a w i d e range of n e w oppor tun i t i e s for 
S A T farmers t o m a r k e t p roduc t s t o supermarkets . G l o b a l giants i n t he f o o d 
re ta i l business have emerged, i n c l u d i n g Royal A h o l d , W a l - M a r t , Car re four and 
Tesco. These retailers have hundreds i f n o t thousands o f stores w o r l d w i d e and 
desire to source p roduc t s w i t h specific qual i t ies year - round. Howeve r , mee t i ng 
t h e i r standards fo r qual i ty , f o o d safety and even env i ronmen ta l and labor 
condi t ions is no easy task. I t w i l l r equ i re significant research o n b o t h t he 
p r o d u c t i o n process as w e l l as t h e organization of t h e en t i re supply chain . 
8 4 
5 . B u i l d alliances w i t h producers in indus t r i a l nations. In t he past, farmer groups 
we re en t i r e ly nat ional in scope. Today, however, t ha t s i tuat ion is changing 
rapidly. Farmers in indus t r i a l nations are f o r m i n g strategic alliances w i t h 
farmers in deve loping nations. Farmers in t he nor the rn hemisphere are a l lying 
themselves w i t h farmers in t h e southern hemisphere . For example, a Mich igan -
based cooperat ive has member s in Guatemala . Washington ( U S ) apple 
producers have an alliance w i t h Ch i l ean producers . Producer-owned processing 
operat ions in indus t r ia l ized countr ies are sourcing products in developing 
nations t o create w h o l l y n e w produc t s (e.g. d r i e d f r u i t and n u t mixes w i t h 
ingredients f r o m a round the w o r l d ) . Deve lop ing such alliances can be qu i t e 
beneficial to farmers in t h e semi-ar id t rop ics by p rov id ing access to markets 
previously d e e m e d impene t rab le . Finally, the re is t he greatest challenge of a l l . 
6 . Do al l o f th i s w i t h o u t squeezing ( too many) farmers o u t o f the marke t and 
w i t h o u t abandoning those farmers w h o s t i l l cannot produce enough to feed 
t h e i r famil ies . The re is l i t t l e d ispute t ha t as farmers enter local and global 
marke ts for h o r t i c u l t u r a l p roducts , some w i l l succeed w h i l e others w i l l fa i l . 
T h e experience of every indus t r ia l ized na t ion i s nearly t he same even i f the 
precise causes are d i f fe ren t : as indus t r ia l iza t ion and urbanizat ion t o o k place, 
e m p l o y m e n t i n agr icul ture dec l ined . T h e same w i l l surely happen i n 
developing nations. T h e challenge is to ensure t ha t th is happens slowly, such 
tha t there i s ample t i m e to develop o ther j o b oppor tun i t i e s - inc luding those in 
i n p u t supply and f o o d processing and marke t ing . I f th is happens too rapidly, i t 
w i l l cause major social and po l i t i ca l upheavals. 
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Food security challenges in sub-Saharan 
Africa: The role of research and development 
Howard K Sigwele1 
Food security in context 
A s s u m i n g f o o d s e c u r i t y refers t o p h y s i c a l a n d e c o n o m i c access t o n u t r i t i o u s 
f o o d t o a l l p e o p l e a t a l l t i m e s f o r a h e a l t h y a n d p r o d u c t i v e l i f e ( W o r l d F o o d 
S u m m i t 1 9 9 6 ) , a g r i c u l t u r a l research a n d d e v e l o p m e n t ( R & D ) and 
i n t e r n a t i o n a l i n s t i t u t i o n s such as I C R I S A T can p l a y a s ign i f ican t ro le in 
ach i ev ing h o u s e h o l d a n d n a t i o n a l f o o d secur i ty . 
O n t h e phys i ca l / s u p p l y side, R & D can i m p r o v e p r o d u c t i v i t y t h r o u g h t h e 
d e v e l o p m e n t a n d a d o p t i o n o f a p p r o p r i a t e t echno log ies (var ie t ies , h y b r i d s , 
pos t -harves t process ing e t c ) . O n t h e e c o n o m i c / d e m a n d side, increase i n 
p r o d u c t i v i t y a t f a r m / h o u s e h o l d levels also i m p l i e s increase i n pe r cap i ta 
i n c o m e s t h a t c o u l d enable househo lds t o p u r c h a s e / i m p o r t f o o d . Increased 
p r o d u c t i v i t y c o u l d also generate a d d i t i o n a l e m p l o y m e n t o p p o r t u n i t i e s 
t h r o u g h f o r w a r d a n d b a c k w a r d l inkages b e t w e e n f a r m i n g a n d t h e res t o f t h e 
e c o n o m y f o l l o w i n g t h e a d o p t i o n o f t echno log ies i n b o t h p r i m a r y p r o d u c t i o n 
a n d process ing ( E h u i a n d D e l g a d o 1 9 9 9 ) . 
A c h i e v i n g na t iona l f o o d se l f su f f i c i ency t h r o u g h d o m e s t i c p r o d u c t i o n , 
h o l d i n g phys i ca l s tocks does n o t necessari ly i m p l y h o u s e h o l d f o o d secu r i ty a s 
several househo lds are n e t buyer s o f f o o d a n d are v e r y p o o r t o p r o d u c e e n o u g h 
f o o d f o r t hemse lves o r unab le t o i m p o r t su f f i c i en t quan t i t i e s t o m e e t d a i l y 
r e q u i r e m e n t s f o r a h e a l t h y a n d p r o d u c t i v e l i f e . I n fac t i n several c o u n t r i e s t h a t 
are f o o d se l f - su f f i c ien t i n basic p r o d u c t s , hunger a n d m a l n u t r i t i o n s t i l l pers is t 
d u e t o m a i n l y h o u s e h o l d a n d i n d i v i d u a l p o v e r t y (S igwe le 1993 , W o r l d F o o d 
S u m m i t 1 9 9 6 ) . I n shor t , f o o d a v a i l a b i l i t y / p h y s i c a l access does n o t t rans la te 
i n t o h o u s e h o l d f o o d secu r i ty p r i m a r i l y because o f p o v e r t y a n d a l i m i t e d 
resource base. 
R & D can t h e r e f o r e p l a y a m a j o r r o l e i n f o o d securi ty . B e l o w i s a l i s t o f 
t h e m a t i c areas w h e r e such i n s t i t u t i o n s can p lay a p i v o t a l r o l e i n f o o d s ecu r i t y 
assuming s takeholders are ac t ive ly i n v o l v e d i n R & D p o l i c y d e v e l o p m e n t a n d 
i m p l e m e n t a t i o n . 
1. FANRPAN, Harare, Zimbabwe. 
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Poverty reduction and improvement in productivity 
• A t least 4 0 % o f p o o r p e o p l e are based i n r u r a l areas. Fema le -headed 
househo lds are s o m e o f t h e m o s t i n c o m e a n d f o o d insecure . U r b a n f o o d a n d 
i n c o m e i n s e c u r i t y are also increas ing r a p i d l y . 
• A g r i c u l t u r a l p r o d u c t i v i t y i s v e r y l o w a n d o u t p u t e n h a n c i n g t echno log i e s 
a reno t a d e q u a t e l y a d o p t e d . 
• L o w a d o p t i o n o f t echno log ie s d u e t o l i m i t e d resources, i n a p p r o p r i a t e 
sec tora l a n d m a c r o - e c o n o m i c po l i c i e s ( p r i c i n g , m a r k e t i n g , exchange a n d 
i n t e r e s t rates, t a x a t i o n , i n p u t supply , i ncons i s t ency i n po l i c i e s a n d r o l e o f 
p u b l i c versus p r i v a t e sec tor e t c ) ( K r u e g e r e t a l . 1 9 8 8 ) . 
• P r o d u c t i v i t y has b e e n a l m o s t s tagnant f o r t h e last t h r e e decades (see Tables 
1 a n d 2 ) . C r o p y i e l d s a n d y i e ld s o f m e a t / m i l k pe r a n i m a l are s t i l l v e r y l o w . 
• L o w p r o d u c t i v i t y leads t o h i g h i n p u t cost pe r u n i t o f o u t p u t and the re fore l o w 
per capita f a r m incomes . Schematical ly, t h e increase in y i e l d / p r o d u c t i v i t y leads 
t o t h e i m p r o v e m e n t i n pe r capita incomes w h i c h i n t u r n lead t o t h e soc ie ty / 
e c o n o m y invest ing back i n f a r m i n g t o raise p r o d u c t i v i t y (Figure 1) . 
Sub-Saharan A f r i c a has h a d a l m o s t s tagnant y i e lds a n d p r o d u c t i v i t y i n 
b o t h t h e c r o p a n d l i v e s t o c k sub-sectors ove r t h e past t w o decades (Tables 1 
a n d 2 ) . For i n s t i t u t i o n s l i k e I C R I S A T spec ia l i z ing i n s e m i - a r i d t r o p i c a l areas, i t 
i s i m p o r t a n t t h a t b i o t e c h n o l o g i e s i n m i l l e t , s o r g h u m , pulses e tc . s i gn i f i c an t l y 
increase f a r m y i e ld s a n d p r o d u c t i v i t y t o raise p e r cap i ta h o u s e h o l d i n c o m e s . 
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T a b l e 1 . T r e n d s i n c r o p a r e a , y i e l d a n d o u t p u t i n s u b - S a h a r a n A f r i c a , 1 9 7 0 - 2 0 0 0 . 
Crop 
Rice 
Maize 
Millet 
Sorghum 
Oil crops 
Roots and tubers 
Pulses 
Vegetables 
Fruits 
Source: FAOSTAT 2001. 
Harvested 
Area 2000 
(m ha) 
7 
26 
20 
21 
24 
18 
16 
3 
6 
Yield Product ion 
2000 2000 
(t/ha) (m tons) 
1.6 11 
1.5 38 
0.7 14 
0.8 18 
0.3 6 
8.4 154 
0.4 7 
6.6 22 
6.2 47 
Average 
Annual Change 
1970-2000 
Area 
2.4 
1.5 
1.4 
1.2 
0.9 
1.7 
1.6 
1.9 
1.6 
(%)Yield 
0.6 
1.2 
0.4 
0.5 
0.7 
1.0 
0.2 
0.8 
0.0 
Product ion 
2.9 
2.7 
1.8 
1.6 
1.6 
2.8 
1.9 
2.6 
1.6 
F a r m p r o d u c t i v i t y increased 
Per cap i t a f a r m incomes i m p r o v e 
F a r m i n g h o u s e h o l d p o v e r t y i s r e d u c e d 
I m p r o v e m e n t o f f a r m i n g h o u s e h o l d / s t a n d a r d o f l i v i n g w e l f a r e 
E c o n o m y - w i d e i m p a c t d u e t o h i g h e r a g r i c u l t u r a l sec tora l p r o d u c t i v i t y 
Figure 1 . Relationship b e t w e e n yie ld/product iv i ty a n d per capita incomes. 
T h i s w o u l d resu l t i n r e d u c i n g t h e cost pe r u n i t o f o u t p u t t o b e n e f i t f a r m i n g 
a n d o t h e r sectors o f t h e economy . I t i s t h e r e f o r e i n t h e l o n g - t e r m in t e re s t o f 
i n t e r n a t i o n a l research organizat ions w o r k i n g w i t h na t i ona l i n s t i t u t i o n s t o 
s t r i ve t i re less ly t o i m p r o v e f a r m p r o d u c t i v i t y i n o r d e r t o raise pe r cap i ta 
i n c o m e s a n d t h e r e f o r e i m p r o v e b o t h h o u s e h o l d and n a t i o n a l f o o d secur i ty . 
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Table 2 . T rends in L ivestock Populat ions a n d Output in S u b - S a h a r a n Afr ica, 
1 9 7 0 - 2 0 0 0 . 
Species 
Cattle 
Sheep 
Goats 
Pigs 
Poultry 
Produc t 
Total meat 
Total milk 
Total eggs 
Cattle hides 
Heads (in million) 2000 
219 
189 
194 
19 
809 
Output 2000 (mi l l ion tons) 
8 
19 
1 
0.5 
Average annual change 1970-2000 (%) 
1.5 
1.4 
23 
3.2 
2.9 
Average annual change (%) 
2 0 
1.8 
3.7 
1.7 
Source: FAOSTAT 2001. 
Enhanced economic benefits/impact from R&D 
A s f a r m i n g p r o d u c t i v i t y i s inc reased a n d cos t p e r u n i t o f o u t p u t i n a g r i c u l t u r e 
dec l ines , o t h e r sectors o f t h e e c o n o m y b e n e f i t . S p e c i f i c a l l y m o s t p o o r 
househo lds a n d w o r k e r s s p e n d u p t o 5 0 % o f t h e i r d isposable i n c o m e o n f o o d . 
I f f o o d b e c o m e s r e l a t i v e l y cheap, n o t o n l y d o househo lds have a n o p p o r t u n i t y 
t o save b u t also t h e d e m a n d f o r o t h e r goods a n d services i n t h e res t o f t h e 
e c o n o m y i s c r e a t e d . 
I n pa r t i cu l a r , f o o d r e l a t e d wage cos t increases i n t h e e c o n o m y are l i k e l y 
t o d e c l i n e w h i c h d i r e c t l y o r i n d i r e c t l y c o u l d r e d u c e costs i n o t h e r i n d u s t r i e s o f 
t h e e c o n o m y . A g r i c u l t u r e i s t h e m a i n s t a y o f m o s t sub-Saharan c o u n t r i e s hence 
p r o d u c t i v i t y gains i n t h e sec tor creates o p p o r t u n i t i e s f o r g r o w t h a n d 
d i v e r s i f i c a t i o n t o genera te a d d i t i o n a l e m p l o y m e n t i n agro-process ing 
en te rpr i ses a n d a l l i e d ac t iv i t i e s ( E h u i a n d D e l g a d o 1 9 9 9 ) . 
F u r t h e r , app l i ca t ions o f t e c h n i c a l change i n t h e e c o n o m y also a f fec t t h e 
i n p u t / o u t p u t p r i c e ra t ios . A s f a r m p r o d u c t s b e c o m e cheaper d u e t o inc reased 
p r o d u c t i v i t y , t h e d e m a n d f o r c e r t a i n fac tors i n f a r m i n g dec l ines a n d t h i s a l l o w s 
f o r t h e f ree m o v e m e n t o f fac tors t o o t h e r sectors o f t h e e c o n o m y . Factors l i k e 
l abor a n d c a p i t a l m i g h t b e c o m e cheaper a s p r o d u c t i v i t y i n f a r m i n g i s increased 
b y R & D . T h e m o v e m e n t o f fac tors o u t s i d e f a r m i n g creates d e m a n d f o r agro-
process ing , d i v e r s i f i c a t i o n a n d g r o w t h i n t h e e c o n o m y a s w e l l a s t r a d e ( E h u i 
a n d D e l g a d o 1 9 9 9 ) . Inc reased t r a d e generates a d d i t i o n a l f o r e i g n earnings f o r 
e c o n o m i c d i v e r s i f i c a t i o n a n d t h e purchase o f i n p u t s a n d m o r e p r o d u c t i v e 
t e c h n o l o g y . 
I C R I S A T a n d s imi l a r R & D organizat ions can h e l p deve lop technologies n o t 
o n l y t o b e n e f i t p r i m a r y ag r i cu l tu re , b u t also processing, post -harvest indus t r i e s 
t h a t generate a d d i t i o n a l i n c o m e , a n d e m p l o y m e n t o p p o r t u n i t i e s t o i m p r o v e 
ove ra l l social w e l f a r e . R & D ef for t s s h o u l d t h e r e f o r e b e geared t o w a r d s p r i m a r y 
ag r i cu l tu re , a n d measures s h o u l d b e t a k e n t o d e v e l o p technologies t o b e n e f i t 
agro-processing a n d pos t -harves t indus t r i es t o d ivers i fy t h e e c o n o m y a n d create 
s t rong f o r w a r d a n d b a c k w a r d l inkages i n t h e economy. T h e r e are m a j o r i n c o m e 
a n d e x p e n d i t u r e l inkages b e t w e e n ag r i cu l tu re a n d t h e rest o f t h e e c o n o m y i n 
m o s t sub-Saharan coun t r i e s . Ava i l ab le social a ccoun t ing ma t r i ces ( S A M s ) f o r 
m o s t coun t r i e s unde r sco re v e r y s t rong i n c o m e a n d e x p e n d i t u r e l inkages i n t h e 
economy. A S A M is a comprehens ive a n d cons is tent database/ table t h a t 
i l lus t ra tes i n an e c o n o m y a c i r cu la r f l o w o f i n c o m e a n d e x p e n d i t u r e a s w e l l a s 
f ac to r i n c o m e d i s t r i b u t i o n a n d s t r u c t u r e o f t h e economy. 
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W i t h increased p r i v a t e sec tor p a r t i c i p a t i o n i n t h e e c o n o m y p r i m a r i l y 
t h r o u g h p r i v a t i z a t i o n a n d m a r k e t l i be r a l i z a t i on , i t i s poss ible f o r R & D 
organiza t ions t o forge s t ra tegic all iances w i t h p r i v a t e compan ie s t o p r o m o t e 
agro-process ing . 
Enhance the role of biotechnology in food security 
A c c o r d i n g t o t h e F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s 
( F A O ) , b i o t e c h n o l o g y refers t o "any t e c h n o l o g i c a l a p p l i c a t i o n t h a t uses 
b i o l o g i c a l sys tems, l i v i n g organisms, o r de r iva t ives t h e r e o f t o m a k e o r m o d i f y 
p r o d u c t s o r processes f o r speci f ic use" ( F A O 2 0 0 2 ) . T h e d e v e l o p m e n t o f c r o p 
var ie t i es a n d h y b r i d s s h o u l d c o m p l y w i t h t h e F A O d e f i n i t i o n . H o w e v e r , over 
t h e last f e w years, t h e r e has b e e n serious c o n c e r n a n d fears ove r t h e use o f 
gene t i ca l ly m o d i f i e d organisms ( G M O s ) t o p r o d u c e c o n s u m a b l e c o m m o d i t i e s 
l i k e ma ize , t o m a t o e s , c o t t o n , r i ce e tc . 
Fears are based on r i sks such as h u m a n safety, a n i m a l a n d p l a n t l i f e , 
t r ans fe r o f t o x i n s f r o m one l i f e f o r m t o another , t h e d e v e l o p m e n t o f ve ry 
aggressive w e e d s w h i c h m a y n o t be c o n t r o l l a b l e a s w e l l a s t h e loss o f 
b i o d i v e r s i t y ( F A O 2 0 0 2 ) . 
W h i l e I C R I S A T i s c u r r e n t l y n o t engaged i n G M O technology , i t i s 
i m p o r t a n t t h a t f a rmers , f o o d processors, consumers e tc . are i n f o r m e d a b o u t 
t h e safety a n d h e a l t h aspects o f t h e p r o d u c t s f r o m R & D organizat ions . 
A t least t h e S A D C M i n i s t e r s o f A g r i c u l t u r e a n d N a t u r a l Resources have 
agreed t h a t a G M O leg i s la t ion b e i n place i n a l l coun t r i e s a n d t h a t i n f o r m a t i o n 
b e p r o v i d e d t o consumers a n d gu ide l ines b e d e v e l o p e d t o p r o t e c t h u m a n 
beings, a n i m a l a n d p l a n t l i f e f r o m t h e r i s k s i d e n t i f i e d . F A N R P A N w i l l m o n i t o r 
t h i s d e v e l o p m e n t i n S A D C t o i m p r o v e f o o d securi ty . 
F A O , t h e W o r l d H e a l t h O r g a n i z a t i o n ( W H O ) a n d C o d e x have 
es tab l i shed a c o m m i t t e e t o advise coun t r i e s o n b i o t e c h n o l o g y a n d G M O 
techno logy . 
W h i l s t a c k n o w l e d g i n g t h e r isks associated w i t h G M O technology , t h e r e 
i s p o t e n t i a l t o use t h i s t e c h n o l o g y t o increase f a r m p r o d u c t i v i t y a n d d e v e l o p 
m a r g i n a l lands w i t h a p p r o p r i a t e t echno log ies . A l r e a d y G M O techno log ies i n 
conse rva t ion , r i c e , ma ize , t o m a t o e s a n d c o t t o n are available t o i m p r o v e f o o d 
secur i ty ; a n d safety assurances are gua ran teed to consumers . 
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Expand income diversification 
B y a n d large, a g r i c u l t u r e i n m o s t sub-Saharan A f r i c a c o u n t r i e s i s d o m i n a t e d b y 
m i x e d f a r m i n g . C o n s e q u e n t l y , f a r m e r s c o n s i d e r t h e i r v a r i o u s en te rp r i se s a s a 
s y s t e m t o sp read r i sks . I n fac t , " f a r m e r s t y p i c a l l y v i e w t h e i r f a r m s , w h e t h e r 
s m a l l subs is tence u n i t s o r large c o r p o r a t i o n s , a s u n i t s i n t h e i r o w n r i g h t . " ( F A O 
2 0 0 1 , p . 7 ) . O r g a n i z a t i o n s w h o s e m a n d a t e i s m a i n l y c r o p - b a s e d s h o u l d ensure 
syne rgy a m o n g e x i s t i n g f a r m i n g a n d n o n - f a r m i n g en te rp r i se s a t a h o u s e h o l d 
l e v e l . F o r in s t ance t h e c u r r e n t m a n d a t e o f I C R I S A T does n o t necessar i ly 
e x p l o i t t h e l i v e s t o c k a n d c r o p p i n g l inkages , a n d o f f - f a r m i n g a c t i v i t i e s . 
D i v e r s i f i c a t i o n o f en te rp r i se s a t a f a r m l e v e l n o t o n l y m i n i m i z e s 
p r o d u c t i o n a n d i n c o m e r i sks , i t i s i t s e l f i n su rance i n t h e e v e n t s o m e a c t i v i t i e s 
are a f f e c t e d adver se ly b y p o o r c l i m a t i c a n d m a r k e t c o n d i t i o n s . I t i s h o w e v e r , 
g r a t i f y i n g t o n o t e t h a t I C R I S A T i s also e x p l o r i n g t h e d e v e l o p m e n t o f 
l i v e s t o c k - c r o p l inkages i n i t s t e c h n o l o g y strategy. D e v e l o p i n g t e c h n o l o g i e s t h a t 
e x p l o i t t h e a l r eady e x i s t i n g f a r m i n g l inkages a n d p r o d u c t i o n m i x w i l l sp read 
r i sks a m o n g f a r m e r s a n d pos s ib ly i m p r o v e p rospec t s f o r t e c h n o l o g y a d o p t i o n . 
T h e m i l l e t , s o r g h u m a n d l e g u m e f a r m i n g sys tems t h a t I C R I S A T p r o m o t e s are 
a l r eady o p e r a t i n g u n d e r m i x e d p r o d u c t i o n sys tems t h a t also i n c l u d e l i v e s t o c k 
( c a t t l e , sheep, goats , p o u l t r y e t c ) , v e l d t p r o d u c t s a n d y e t b i o t e c h n o l o g i e s 
d e v e l o p e d b y I C R I S A T t e n d t o i g n o r e l i v e s t o c k - c r o p - v e l d t p r o d u c t s 
r e l a t i o n s h i p s . 
Assist to minimize the social costs of HIV/AIDS 
T h e H I V / A I D S scourge has adverse ly a f f e c t e d sub-Saharan A f r i c a . Besides 
h u g e losses o f h u m a n c a p i t a l , i n c o m e , i n v e s t m e n t , savings a n d e c o n o m i c 
g r o w t h , t h e scourge i s l i k e l y t o a f f ec t t h e reg ion ' s t r a d e c o m p e t i t i v e n e s s a n d 
o v e r a l l p r o d u c t i v i t y , a s sk i l l s , k n o w l e d g e e tc . are lo s t d u e t o h i g h m o r t a l i t y 
ra tes . T h e F A N R sec to r w i l l also be g r e a t l y a f f e c t e d , as t e c h n o l o g i e s w i l l n o t 
b e easi ly d e v e l o p e d d u e t o b u d g e t a r y c o n s t r a i n t s a n d a loss o f t e c h n i c a l , 
r e sea rch a n d m a n a g e r i a l sk i l l s . L a b o r s u p p l y i s a l r eady r e p o r t e d t o be a ser ious 
c o n s t r a i n t i n m a n y S A D C c o u n t r i e s because o f t h e c o n t i n u e d absence f r o m 
w o r k d u e t o s ickness a n d d e a t h . P o t e n t i a l R & D i n v e s t m e n t i n f a r m i n g i s 
d i v e r t e d t o m e d i c a l expenses t o c o n t a i n H I V / A I D S . F o r i n s t i t u t i o n s l i k e 
I C R I S A T , t e c h n o l o g i e s t h a t r e q u i r e less l a b o r b u t s t i l l i m p r o v e f o o d s e c u r i t y 
w i l l b e c r i t i c a l t o m i n i m i z e t h e soc ia l costs o f H I V / A I D S . B o t h p r o d u c t i o n 
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a n d agro-process ing t e c h n o l o g i e s b y I C R I S A T t o g e t h e r w i t h n a t i o n a l R & D 
i n s t i t u t i o n s w i l l n e e d t o e x p l o r e l a b o r saving t e c h n i q u e s . L a b o r a n d c a p i t a l are 
g o i n g t o b e inc reas ing ly scarce d u e p a r t l y t o t h e H I V / A I D S p a n d e m i c . 
I n s u m m a r y , i n s t i t u t i o n s l i k e I C R I S A T s u p p o r t e d b y n a t i o n a l R & D 
cen te r s c an p l a y a r o l e i n i m p r o v i n g f o o d s e c u r i t y a n d p e r c a p i t a f a r m i n c o m e s . 
C o m p l i m e n t a r y p o l i c i e s i n i n f r a s t r u c t u r e , e x t e n s i o n , m a c r o - e c o n o m i c 
e n v i r o n m e n t , s t a k e h o l d e r / p r i v a t e sec tor p a r t i c i p a t i o n i n t h e F A N R sec tor are 
also c r u c i a l f o r t e c h n o l o g y t o raise i n c o m e s . E q u i t y issues are also c r i t i c a l i n 
R & D process les t c o u n t r i e s aggravate i n c o m e i n e q u a l i t i e s w i t h o u t 
c o r r e s p o n d i n g po l i c i e s t o i m p r o v e t h e m a r g i n a l i z e d f a r m e r s ( W o r l d F o o d 
S u m m i t , 1 9 9 6 , W o r l d B a n k 2 0 0 1 ) . 
FANRPAN's response to some of t h e f o o d 
security challenges 
O n H I V / A I D S , F A N R P A N i s m o b i l i z i n g funds o n b e h a l f o f S A D C t o 
u n d e r t a k e a n H I V / A I D S i m p a c t s t u d y i n t h e F A N R sec tor w i t h a v i e w t o 
f o r m u l a t i n g a p p r o p r i a t e h o u s e h o l d , sec tora l , n a t i o n a l a n d r eg iona l s t rategies . 
S tud ie s w i l l b e c a r r i e d o u t a t these f o u r levels . B o t h p a r t i a l a n d e c o n o m y - w i d e 
m o d e l s w i l l b e u s e d t o analyze t h e i m p a c t o f t h e disease. C o m p e t e n t r e g i o n a l 
a n d i n t e r n a t i o n a l p o l i c y research i n s t i t u t e s w i l l p a r t i c i p a t e i n t h e s tudy . 
O n i n c o m e d i v e r s i f i c a t i o n , F A N R P A N i s c u r r e n t l y u n d e r t a k i n g a "Trade 
Po l i cy S t u d y " t o i d e n t i f y c o n s t r a i n t s t o inc reas ing r e g i o n a l a g r i c u l t u r a l g r o w t h 
a n d t r a d e a n d p o t e n t i a l t r adab les i n each c o u n t r y t o p r o m o t e f o o d s e c u r i t y a n d 
i n t e g r a t i o n . T h e r e are p o t e n t i a l c o m m o d i t i e s l i k e cowpeas , cassava, 
vegetables , spices e t c . w h e r e i n t r a - r e g i o n a l t r a d e i s v e r y s m a l l a n d y e t t h e 
m a r k e t s c o u l d b e d e v e l o p e d w i t h ease. T r a d i t i o n a l t r a d e d c o m m o d i t i e s l i k e 
ma ize , w h e a t a n d s o r g h u m w i l l c o n t i n u e b u t s u p p l y a n d d e m a n d s i t ua t i ons 
also d i c t a t e t h e n e e d t o d e v e l o p subs t i t u t e s . 
F ina l ly , o n c o m m u n i c a t i o n a n d i n f o r m a t i o n , F A N R P A N has a b i m o n t h l y 
n e w s l e t t e r , The D i a l o g u e , w h i c h i s u s e d t o d i s s e m i n a t e i n f o r m a t i o n a b o u t 
p o l i c y changes, t e c h n o l o g y i m p r o v e m e n t s , t r a d e a n d c o n s e r v a t i o n m a t t e r s . 
I n c o n c l u s i o n , F A N R P A N wi shes t o c o l l a b o r a t e w i t h i n s t i t u t i o n s l i k e 
I C R I S A T t o i m p r o v e f o o d secur i ty , f a r m p r o d u c t i v i t y a n d c o n t r i b u t e t o w a r d s 
p o v e r t y r e d u c t i o n . 
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Annexure 
About FANRPAN 
F A N R P A N , t h e F o o d , A g r i c u l t u r e a n d N a t u r a l Resources P o l i c y A n a l y s i s 
N e t w o r k i s ba sed i n H a r a r e , Z i m b a b w e . I t w a s e s t ab l i shed i n 1 9 9 4 b y t h e f i r s t 
C o n f e r e n c e o f M i n i s t e r s i n A g r i c u l t u r e o f Eas t e rn a n d S o u t h e r n A f r i c a . A f u l l -
t i m e Sec re t a r i a t w a s e s t ab l i shed o n l y i n M a y 2 0 0 1 d u e t o shor tage o f f u n d s . I t 
i s a n A u t o n o m o u s o r g a n i z a t i o n i n t h e r e g i o n w i t h legal p e r s o n a l i t y a n d a 
" c o n s t i t u t i o n " . 
F A N R P A N opera te s i n e i g h t c o u n t r i e s - B o t s w a n a , M a l a w i , 
M o z a m b i q u e , N a m i b i a , S o u t h A f r i c a , Tanzania, Z a m b i a a n d Z i m b a b w e . 
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L e s o t h o , M a u r i t i u s , Seyche l les a n d S w a z i l a n d are m a k i n g p r e p a r a t i o n s t o j o i n 
s h o r t l y ; A n g o l a a n d t h e D e m o c r a t i c R e p u b l i c o f C o n g o ( D R C ) w i l l f o l l o w . 
T h e n e t w o r k i s d o n o r f u n d e d a n d c u r r e n t l y d e p e n d s o n t h e U n i t e d States 
A g e n c y f o r I n t e r n a t i o n a l D e v e l o p m e n t ( U S A I D ) . E f f o r t s are b e i n g i n t e n s i f i e d 
t o d i v e r s i f y f u n d i n g . 
Board composition 
• B o t s w a n a 
• M a l a w i 
• Z i m b a b w e 
• M o z a m b i q u e 
• Tanzania 
• S o u t h A f r i c a 
• N a m i b i a 
• Z a m b i a 
• U S A I D 
• F r e n c h G o v e r n m e n t 
• S A D C F A N R D i r e c t o r a t e 
F A N R M i n i s t r y / G o v e r n m e n t 
F A N R M i n i s t r y / G o v e r n m e n t 
P r iva t e S e c t o r 
P r iva t e S e c t o r 
P o l i c y Researcher 
Po l i cy Researcher 
Fa rmer s ' U n i o n 
Fa rmer s ' U n i o n 
D o n o r 
D o n o r 
• F A N R P A N C o o r d i n a t o r / E x e c u t i v e D i r e c t o r - a n e x - o f f i c i o m e m b e r 
A F ive Year S t ra teg ic a n d Business P lan w i t h c o r e f u n c t i o n s w e r e 
d e v e l o p e d . A c o m m u n i c a t i o n s s t ra tegy also d e v e l o p e d t o s u p p o r t t h e p l a n . 
Technical committee 
F A N R P A N has e s t ab l i shed a t e c h n i c a l c o m m i t t e e t o : 
1 . C o n s i d e r a n d a p p r o v e research proposa ls ; 
2 . Se t g u i d e l i n e s f o r app ra i s ing p r o j e c t proposa ls ; 
3 . M a i n t a i n a n d m o n i t o r q u a l i t y s tandards i n F A N R P A N ' s p r o d u c t s a n d 
services; a n d 
4 . R e v i e w papers , p o l i c y b r i e f s . 
FANRPAN'S Vision 
W e s t r i v e f o r e x c e l l e n c e a n d t o b e c o m e a d i s t i n g u i s h e d l eader i n p o l i c y 
research , analysis a n d c o o r d i n a t i o n i n f o o d , a g r i c u l t u r e a n d n a t u r a l resources 
b y 2 0 2 0 . 
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FANRPAN'S Mission Statement 
F A N R P A N ' s m i s s i o n i s t o c o o r d i n a t e , i n f l u e n c e a n d f a c i l i t a t e p o l i c y research , 
analysis a n d d i a l o g u e a t t h e n a t i o n a l , r e g i o n a l a n d g l o b a l levels i n o r d e r t o 
d e v e l o p t h e F o o d , A g r i c u l t u r e a n d N a t u r a l Resources sec to r t h r o u g h 
n e t w o r k i n g , c a p a c i t y b u i l d i n g a n d g e n e r a t i o n o f i n f o r m a t i o n f o r t h e b e n e f i t o f 
a l l s t a k e h o l d e r s i n t h e S A D C r e g i o n . 
Objectives 
• P r o m o t e a p p r o p r i a t e a g r i c u l t u r a l p o l i c i e s i n o r d e r t o r e d u c e p o v e r t y , 
increase f o o d s e c u r i t y a n d enhance sus ta inable d e v e l o p m e n t ; 
• I m p r o v e p o l i c y analysis, research a n d f o r m u l a t i o n o f S A D C research t hemes ; 
• D e v e l o p h u m a n a n d i n s t i t u t i o n a l c a p a c i t y f o r c o o r d i n a t e d d i a l o g u e a m o n g 
s t a k e h o l d e r s ; 
• I m p r o v e p o l i c y d e c i s i o n m a k i n g t h r o u g h t h e g e n e r a t i o n , exchange a n d use 
o f p o l i c y r e l a t e d i n f o r m a t i o n . 
Key regional thematic areas by stakeholders 
• T e c h n o l o g y d e v e l o p m e n t a n d a d o p t i o n so a s t o raise p r o d u c t i v i t y a n d f a r m 
i n c o m e s . 
• S p e c i a l i z a t i o n t o i m p r o v e e f f i c i e n c y a n d c o m p e t i t i v e n e s s based o n n a t u r a l 
r e sou rce advantage . 
• T r a d e a n d m a r k e t l i b e r a l i z a t i o n t o i m p r o v e access a n d i n v e s t m e n t 
o p p o r t u n i t i e s across b o r d e r s t h r o u g h r e m o v a l o f ba r r i e r s . 
• C a p a c i t y b u i l d i n g t o i m p r o v e p r o d u c t i v i t y a n d c o m p e t i t i v e n e s s . 
• S t a k e h o l d e r p a r t i c i p a t i o n t o i m p r o v e re levance a n d app rop r i a t enes s o f 
p o l i c i e s a n d p r o g r a m s . 
• N a t u r a l r e s o u r c e m a n a g e m e n t f o r sus ta inable d e v e l o p m e n t . 
• I n f o r m a t i o n a n d c o m m u n i c a t i o n m a n a g e m e n t t o i n f o r m a t i o n d i s s e m i n a t i o n 
a n d f e e d b a c k . 
• I m p a c t o f H I V / A I D S o n a g r i c u l t u r e a n d n a t u r a l resources . 
• L a n d r e f o r m , access a n d p o v e r t y r e d u c t i o n . 
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Characteristics of the Southern African Development 
Community (SADC) region 
• T h e S A D C r e g i o n i s t h e p o o r e s t i n t h e w o r l d a c c o u n t i n g f o r less t h a n 2 % o f 
g l o b a l gross d o m e s t i c p r o d u c t ( G D P ) . 
• T h e r e g i o n accoun t s f o r a b o u t 1 0 % o f t h e w o r l d p o p u l a t i o n . A t least 4 0 % o f 
t h e p o p u l a t i o n i s based m a i n l y i n t h e r u r a l areas a n d l ives b e l o w t h e p o v e r t y 
d a t u m l i n e ( d a i l y p e r cap i t a c o n s u m p t i o n o f less t h a t U S $ 1.00) . A b s o l u t e 
p o v e r t y i s o n t h e increase i n t h i s r e g i o n . 
• I n genera l , a g r i c u l t u r e accoun t s f o r a b o u t 3 0 % p e r c e n t o f G D P , a n d 4 0 % o f 
e x p o r t s . 
• A g r i c u l t u r e e m p l o y s a b o u t 7 0 % o f t h e p o p u l a t i o n . 
• V a l u e - a d d e d p r o d u c t i o n / a g r o - p r o c e s s i n g i s v e r y l i m i t e d . 
• T h e r e i s p o o r l y d e v e l o p e d p h y s i c a l i n f r a s t r u c t u r e hence h i g h m a r k e t i n g a n d 
t r a n s p o r t a t i o n costs . 
• L i m i t e d ac t ive p a r t i c i p a t i o n b y n o n - g o v e r n m e n t a l o rgan iza t ions i n p o l i c y 
process , des ign , i m p l e m e n t a t i o n , e v a l u a t i o n , h e n c e p o o r p o l i c y o w n e r s h i p 
b y s t akeho lde r s . 
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Gender dimensions in SAT's agriculture 
and their implications on research 
C h a r i t y K a b u t h a 1 
In t roduct ion 
A f r i c a ' s a g r i c u l t u r a l sec tor has p e r f o r m e d p o o r l y d u r i n g t h e last t h r e e decades, 
m o v i n g f r o m f o o d se l f - suf f ic iency t o d e p e n d e n c e o n e x t e r n a l resources f o r one -
f i f t h o f i t s f o o d . I t has r e c e n t l y b e e n d e s c r i b e d a s a c o n t i n e n t " u n i q u e l y 
v u l n e r a b l e t o f o o d s e c u r i t y " ( C o h e n 1 9 9 5 , c i t e d i n B l a c k d e n a n d B h a n u 1 9 9 8 ) . 
T h e sec tor ' s d i s m a l p e r f o r m a n c e has t a k e n p lace i n sp i t e o f subs tan t ia l 
i n v e s t m e n t s i n n a t i o n a l a n d i n t e r n a t i o n a l research organizat ions . T h i s suggests 
t h a t i n v e s t m e n t s i n a g r i c u l t u r a l research have n o t h a d a s igni f icant i m p a c t o n 
t h e p e r f o r m a n c e o f t h e a g r i c u l t u r a l sector. T h i s n o t w i t h s t a n d i n g , research 
c o n t i n u e s t o b e v i e w e d a s a veh i c l e f o r g r o w t h a n d p o v e r t y a l l ev i a t i on i n sub-
Saharan A f r i c a . Jiggins ( 1 9 8 6 ) expressed a s i m i l a r v i e w t h a t w h e n t h e f i r s t 
i n t e r n a t i o n a l a g r i c u l t u r a l research cen ters ( I A R C s ) w e r e es tabl i shed , i t was 
t h o u g h t t h a t t h e i r w o r k " w o u l d h e l p d e v e l o p i n g c o u n t r i e s m e e t t h e i r aggregate 
f o o d r e q u i r e m e n t s t h r o u g h c r e a t i o n o f a n o u t p u t surp lus a n d a d i s t r i b u t i o n o f 
f o o d a n d i n c o m e such t h a t m a l n u t r i t i o n a n d hunge r w o u l d b e r e d u c e d " . T h e 
fac t t h i s d r e a m has n o t b e e n rea l i zed i s s t a rk ly r e f l e c t e d i n A f r i c a ' s f o o d de f i c i t s 
ove r t h e last 3 0 years. H y d e n ' s ( 1 9 8 6 , p . l l ) s u m m a r y i n d i c a t e d t h a t i n t h e 
1970s , w h e n A f r i c a ' s p o p u l a t i o n was e x p a n d i n g a t a n average annua l ra te o f 
2 .8%, t o t a l f o o d p r o d u c t i o n i n A f r i c a was increas ing a t n o m o r e t h a n 1.5%; f o o d 
se l f - suf f ic iency ra t ios d r o p p e d f r o m 9 8 % i n t h e 1960s t o a p p r o x i m a t e l y 8 6 % i n 
1 9 8 0 . O n average, each pe r son h a d a b o u t 1 2 % less h o m e g r o w n f o o d i n 1 9 8 0 
t h a n t h e y h a d 2 0 years earl ier . W i t h f o o d p r o d u c t i o n s tagnat ing a n d d e m a n d , 
p a r t i c u l a r l y f o r cereals, k e e p i n g pace w i t h p o p u l a t i o n g r o w t h , t h e v o l u m e o f 
f o o d i m p o r t s b e t w e e n 1 9 7 0 a n d 1 9 8 0 increased b y a n average o f 8 .4%. I n 1 9 8 0 , 
i m p o r t s o f f o o d grains a lone r eached 2 0 . 4 m i l l i o n tons , cos t ing A f r i c a n c o u n t r i e s 
ove r U S $ 5 b i l l i o n ( n o t i n c l u d i n g h i g h ocean f r e i g h t costs) . A l t h o u g h f o o d a i d i n 
A f r i c a was 1.5 m i l l i o n t o n s ( B l u m b e r g 1 9 9 2 ) , large n u m b e r s o f p e o p l e r e m a i n e d 
hungry . Q u i s u m b i n g e t a l . ( 1 9 9 5 ) t h e f igu re o f t h e w o r l d ' s h u n g r y a s 8 0 0 m i l l i o n 
p e o p l e - a l l l i v i n g i n t h e d e v e l o p i n g w o r l d . Today, o v e r 3 0 0 m i l l i o n o f t h e h u n g r y 
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1. Nairobi, Kenya. 
are f o u n d i n t h e s e m i - a r i d t r o p i c s ( S A T ) , w h i c h i s h o m e t o 8 5 0 m i l l i o n ( o r one 
s i x t h ) o f t h e w o r l d ' s p o p u l a t i o n ( I C R I S A T 2 0 0 0 ) . 
O u t s i d e research, o t h e r fac tors , i n c l u d i n g p o o r i n f r a s t ruc tu r e , m a r k e t i n g 
d i f f i c u l t i e s , f l u c t u a t i n g pr ices a n d social cons t ra in t s c o m p l i c a t e t h e ove ra l l 
p i c t u r e . G e n d e r i s one o f these social factors , one w i t h p o t e n t i a l t o negate o r 
t r a n s f o r m A f r i c a ' s f o o d secu r i t y s i t u a t i o n . P r o d u c t i v e resources necessary f o r 
i m p r o v i n g t h e p e r f o r m a n c e o f t h e a g r i c u l t u r a l sec tor are gender-based a n d i n 
t h i s design, w o m e n are h i g h l y d isadvantaged desp i t e t h e i r m a j o r r o l e i n f o o d 
p r o d u c t i o n i n sub-Saharan A f r i c a . I t i s i n a p p r e c i a t i o n o f t h i s fac t t h a t Jiggins 
( 1 9 8 6 ) a rgued t h a t f o o d i n s e c u r i t y w o u l d c o n t i n u e a s l o n g a s w o m e n ' s roles i n 
a g r i c u l t u r a l p r o d u c t i o n a n d f o o d systems c o n t i n u e d t o b e i g n o r e d o r 
u n d e r e s t i m a t e d . S i m i l a r v i e w s w e r e expressed b y B l a c k d e n a n d B h a n u ( 1 9 9 8 ) . 
T h e y a rgued t h a t , i f sub-Saharan A f r i c a i s t o achieve e q u i t a b l e g r o w t h a n d 
sustainable d e v e l o p m e n t , one necessary s tep i s t o r e d u c e gender i n e q u a l i t y i n 
access to a n d c o n t r o l over a d iverse range o f p r o d u c t i v e , h u m a n a n d social assets. 
T h e r e p o r t recognizes t h a t r e d u c i n g gender i n e q u a l i t y - a d e v e l o p m e n t 
ob j ec t i ve i n i t s o w n r i g h t - increases g r o w t h , e f f i c i ency a n d w e l f a r e . 
I n s u p p o r t i n g A f r i c a d e v e l o p i t s a g r i c u l t u r a l sector , o rgan iza t ions 
recogn ize t h e m u l t i p l e d i f f i c u l t i e s t h a t m i l i t a t e against sus ta inable 
p r o d u c t i v i t y . I C R I S A T , a m a j o r a c t o r i n t h e s e m i - a r i d pa r t s o f A f r i c a , f u l l y 
recognizes t h e chal lenges ahead. I t s m i s s i o n i s t o "a l lev ia te p o v e r t y a n d hunger , 
d e v e l o p t e c h n o l o g i e s f o r sus ta inable increases i n f o o d p r o d u c t i o n , c o n t r o l 
p l a n t pests a n d diseases a n d p r o t e c t t h e e n v i r o n m e n t t h r o u g h b e t t e r 
m a n a g e m e n t o f n a t u r a l resources" . I C R I S A T ' s c o m m i t m e n t t o d e v e l o p m e n t 
w i t h a " h u m a n face" unde r sco re s t h e i m p o r t a n c e o f b r i n g i n g i n t o focus soc ia l 
f ac to rs t h a t f o r m p a r t o f t h e s o l u t i o n t o A f r i c a ' s f o o d cha l lenge . G e n d e r i s a 
m a j o r c o n s i d e r a t i o n i n t h i s n e w t h i n k i n g . 
T h i s p a p e r e x a m i n e s t h e re levance o f gende r i n a g r i c u l t u r a l r esea rch a n d 
d e v e l o p m e n t , gender -based c o n s t r a i n t s a n d t h e i r i m p l i c a t i o n s o n a g r i c u l t u r a l 
t e c h n o l o g y d e v e l o p m e n t a n d m a n a g e m e n t . I t c o n c l u d e s b y e x p l o r i n g w a y s o f 
m a i n s t r e a m i n g g e n d e r i n research. T h i s pape r has n o t c o n f i n e d i t s e l f t o t h e 
SAT, b u t b o r r o w s r e l e v a n t e x a m p l e s f r o m t h e m e d i u m a n d h i g h p o t e n t i a l 
areas o f sub-Saharan A f r i c a , e x a m p l e s t h a t have a p p l i c a t i o n i n t h e s e m i - a r i d 
areas. T h e p a p e r h o w e v e r m a k e s r e fe rence t o s o m e o f t h e u n i q u e fea tu res o f 
g e n d e r issues i n SAT, fea tures w h i c h i n c l u d e t h e d o m i n a n c e o f m e n i n 
a g r i c u l t u r e , i n c l u d i n g t h e f o o d sec to r w h i l e w o m e n have separate p l o t s o n 
w h i c h t h e y g r o w f o o d b u t p r o v i d e l a b o r i n p l o t s o w n e d b y m e n . 
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The gender concept 
G e n d e r i s a h o u s e h o l d r e source a n d p o w e r r e l a t i o n s h i p b e t w e e n m e n a n d 
w o m e n a n d i s c h a r a c t e r i z e d b y n e g o t i a t i o n a n d c o n f l i c t . G e n d e r i s u s e d a s a 
s o c i o - e c o n o m i c va r i ab l e t o analyze ro les , r e spons ib i l i t i e s , c o n s t r a i n t s a n d 
o p p o r t u n i t i e s o f t h o s e i n v o l v e d i n d e v e l o p m e n t . A gende r p e r s p e c t i v e i n 
d e v e l o p m e n t sees w o m e n a n d m e n a s p l a y i n g d i f f e r e n t ro les i n socie ty , a n d 
t h e r e f o r e , h a v i n g d i f f e r e n t needs . 
A l m o s t i n a l l cases, gende r r e l a t i o n s h i p s are u n e q u a l , w i t h m e n w i e l d i n g 
m o r e p o w e r a n d a u t h o r i t y t h a n w o m e n i n t h e spheres o f p r o d u c t i o n , 
r e p r o d u c t i o n a n d d e c i s i o n - m a k i n g in s ide a n d o u t s i d e t h e h o u s e h o l d . I t i s 
r e f l e c t e d i n t h e d i f f e r e n t ro les , r e spons ib i l i t i e s a n d e n t i t l e m e n t s f o r m e n a n d 
w o m e n . G e n d e r i s p a r t o f h o u s e h o l d d y n a m i c s t h a t are soc ia l ly c o n s t r u c t e d 
a n d n o t d e r i v e d f r o m n a t u r e o r b i o l o g y a s o f t e n e r r o n e o u s l y a s sumed . W i t h 
t h e inc reas ing r e c o g n i t i o n o f t h e i m p o r t a n c e o f h o u s e h o l d r e l a t i o n s h i p s i n 
f o o d p r o d u c t i o n , t h e t r a d i t i o n a l v i e w o f h o u s e h o l d s a s h o m o g e n o u s u n i t s w i t h 
p o o l s o f resources ava i lab le t o a l l m e m b e r s o f t h e h o u s e h o l d a n d t o w h i c h a l l 
m e m b e r s c o n t r i b u t e has b e e n cha l l enged . H o u s e h o l d s are c h a r a c t e r i z e d b y 
d e e p l y u n e q u a l sha r ing o f resources , b e n e f i t s a n d r e spons ib i l i t i e s , a s i t u a t i o n 
t h a t n e g a t i v e l y af fec ts a g r i c u l t u r a l t e c h n o l o g y a d o p t i o n a n d p r o d u c t i v i t y . 
G e n d e r i s d y n a m i c , changes w i t h t i m e a n d i s c u l t u r e spec i f i c . G e n d e r i s 
n o t s y n o n y m o u s w i t h sex s ince sex i s a f ac t o f b i o l o g y t h a t d i f f e r e n t i a t e s 
p e o p l e o n t h e basis o f m a l e a n d f e m a l e . I t i s u n i v e r s a l a n d does n o t change . 
G e n d e r i s associa ted w i t h m a n y o t h e r c o n c e p t s s u c h a s W o m e n i n 
D e v e l o p m e n t ( W I D ) , G e n d e r a n d D e v e l o p m e n t ( G A D ) , gender e q u i t y a n d 
equa l i t y , p r a c t i c a l a n d s t ra teg ic needs a m o n g o t h e r s . S o m e o f these c o n c e p t s 
are b r i e f l y d i scussed i n A n n e x u r e 1 . 
W h y gender mat ters 
I t i s n o w w i d e l y a c c e p t e d t h a t gender m a t t e r s i n d e v e l o p m e n t , a v i e w b a c k e d b y 
e c o n o m i c a n d social facts, p a r t i c u l a r l y i n a g r i c u l t u r e a s d e m o n s t r a t e d b e l o w . 
Women and men are active participants in African 
agriculture 
I n a r e g i o n w h e r e b o t h m e n a n d w o m e n w o r k t o g e t h e r i n a g r i c u l t u r e , t a r g e t i n g 
b o t h b e c o m e s a p r e r e q u i s i t e f o r success. E s t i m a t e s f r o m t h e F o o d a n d 
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A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s ( F A O 1 9 8 5 ) s h o w tha t 
w o m e n a c c o u n t f o r m o r e t h a n h a l f t h e l abor r e q u i r e d t o p r o d u c e t h r e e -
f o u r t h s o f f o o d i n sub-Saharan A f r i c a . Aggrega te da ta suggest t h a t A f r i c a n 
w o m e n p e r f o r m a b o u t 9 0 % o f t h e w o r k o f process ing f o o d c rops a n d 
p r o v i d i n g h o u s e h o l d w a t e r a n d f u e l w o o d , 8 0 % o f f o o d storage a n d t r a n s p o r t 
f r o m f a r m t o v i l l age , 9 0 % o f h o e i n g a n d w e e d i n g a n d 6 0 % o f ha rves t ing a n d 
m a r k e t i n g ( F A O 1 9 8 5 ; W o r l d B a n k 1 9 8 9 c i t e d i n Q u i s u m b i n g e t a l . 1 9 9 5 ) . I n 
1 9 8 9 , t h e W o r l d B a n k p r e s e n t e d a s i m i l a r s i t u a t i o n f o r K e n y a ( B o x 1) . I t is, 
h o w e v e r , i m p o r t a n t t o recognize t h a t t h e r e are m a j o r va r i a t i ons w i t h i n t h e 
c o n t i n e n t . I n t h e Sahel r e g i o n f o r e x a m p l e , m e n p r e d o m i n a t e i n a g r i c u l t u r e , 
i n c l u d i n g t h e f o o d sec to r w h i l e w o m e n have separate p l o t s o n w h i c h t h e y 
g r o w h o u s e h o l d f o o d w h i l e a t t h e same t i m e p r o v i d i n g l abo r o n p l o t s o w n e d 
b y t h e i r husbands . I n m u c h o f eas te rn A f r i c a , w o m e n d o m i n a t e t h e f o o d 
sector . W h a t t h i s means i s t h a t gende r r e l a t i onsh ip s a n d p a t t e r n s are area 
spec i f ic a n d a s i t u a t i o n in one area c a n n o t be genera l i zed . 
A l t h o u g h t h e r e i s a c lear d i v i s i o n o f l a b o r w i t h i n a n d b e t w e e n c rops i n 
sub-Saharan A f r i c a , b o t h m e n a n d w o m e n p l a y subs t an t i a l e c o n o m i c ro les 
( B l a c k d e n a n d B h a n u 1 9 9 8 ) . I n m a n y c u l t u r e s , m e n clear t h e l a n d ; w o m e n are 
r e spons ib le f o r w e e d i n g a n d p rocess ing . M e n are r e spons ib le f o r m a r k e t i n g , 
p a r t i c u l a r l y o f cash a n d e x p o r t c rops , w h i l e w o m e n are i n charge o f f a m i l y 
n u t r i t i o n a n d are t h e r e f o r e r e l e g a t e d t o t h e subsis tence sector, i n p a r t i c u l a r t o 
f o o d c rops a n d agro-process ing ( I F A D 2 0 0 1 ) . T h i s fac t u n d e r l i n e s t h e n e e d t o 
w o r k w i t h b o t h m e n a n d w o m e n . 
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B o x 1 . 
" D e v e l o p m e n t d e p e n d s c o n s i d e r a b l y o n t h e p r o d u c t i v i t y o f w o m e n 
f a r m e r s . A g r i c u l t u r e i s t h e c o r e o f K e n y a ' s e c o n o m y , s m a l l h o l d i n g s a r e 
t h e c o r e o f K e n y a n a g r i c u l t u r e , a n d w o m e n are t h e c o r e o f t h e 
s m a l l h o l d e r s . . . . S m a l l h o l d e r a g r i c u l t u r e accoun t s f o r t h r e e f o u r t h s o f 
t h e t o t a l p r o d u c t i o n ( a g r i c u l t u r e c o n t r i b u t e s a b o u t o n e t h i r d o f G D P } , 
i n c l u d i n g m o s t m a j o r cash c r o p s a s w e l l a s f o o d m a r k e t e d o r c o n s u m e d 
a t h o m e . A t least t w o f i f t h s o f K e n y a ' s s m a l l h o l d i n g s are m a n a g e d b y 
w o m e n ( a n d t h e y have subs t an t i a l i n f l u e n c e o v e r t h e res t ) a n d w o m e n 
gene ra l ly manage f o o d p r o d u c t i o n a n d p a r t i c i p a t e i n n o n - f o o d cash 
c r o p s " ( W o r l d B a n k , 1 9 8 9 b ) . 
Inadequate extension services to women reduce 
productivity 
E x t e n s i o n e d u c a t i o n i s c r i t i c a l t o a d o p t i o n a n d e f f e c t i v e m a n a g e m e n t o f 
a g r i c u l t u r a l t e c h n o l o g i e s . H i g h e s t levels o f e f f i c i e n c y have b e e n r e g i s t e r e d i n 
s i t ua t i ons o f d i r e c t c o n t a c t b e t w e e n e x t e n s i o n agents a n d f a r m e r s . T h i s n e w 
u n d e r s t a n d i n g has c o m e w i t h e m e r g i n g e v i d e n c e t h a t i n f o r m a t i o n g i v e n t o 
m e n o r w o m e n does n o t necessar i ly r each o t h e r m e m b e r s o f t h e h o u s e h o l d 
w h o are i n v o l v e d i n f a r m o p e r a t i o n s . 
F o r t m a n n ( 1 9 8 2 ) e s t ab l i shed t h a t h u s b a n d - w i f e c o m m u n i c a t i o n o f 
e x t e n s i o n messages i n Tanzania was i n e f f e c t i v e , a f i n d i n g s u p p o r t e d b y K o o n s 
( 1 9 8 8 ) a n d W i n r o c k I n t e r n a t i o n a l ( 2 0 0 1 ) i n C a m e r o o n a n d K e n y a , 
r e spec t ive ly . T h e r e is, h o w e v e r , less consensus o n w h a t happens w h e n 
e x t e n s i o n i n f o r m a t i o n ta rge ts w o m e n . C a r l o n i ' s w o r k i n K e n y a ( 1 9 8 7 ) a n d t h e 
W o r l d B a n k ( 1 9 8 9 b ) i n N i g e r i a s t a t e d t h a t w h e n e x t e n s i o n messages t a r g e t 
w o m e n , p r o d u c t i v i t y rises. T h i s l a t t e r f i n d i n g has, h o w e v e r , b e e n c h a l l e n g e d 
b y resu l t s o f a gender -based assessment o n t h e i m p a c t o f a n a g r i c u l t u r a l 
p r o j e c t i m p l e m e n t e d b y W i n r o c k I n t e r n a t i o n a l i n K e n y a ( 2 0 0 1 ) w h e r e resu l t s 
r e v e a l e d t h a t i n areas w h e r e m e n m a k e m a j o r dec i s ions o n w h e t h e r n e w 
t e c h n o l o g i e s can b e i n t r o d u c e d o r n o t a n d t h e t y p e s o f i n p u t s t o b e used , 
p r o d u c t i v i t y does n o t necessar i ly g o u p d e s p i t e t r a i n i n g w o m e n i n t h e 
d i f f e r e n t t e c h n o l o g i e s . T h i s n e w f i n d i n g p o i n t s t o t h e n e e d t o i n v o l v e b o t h 
spouses i n e x t e n s i o n e d u c a t i o n . 
Emergence of new African households headed by 
women 
A n e w p h e n o m e n o n o f f e m a l e - h e a d e d h o u s e h o l d s has e m e r g e d i n A f r i c a a n d 
i s fast c h a n g i n g t h e A f r i c a n h o u s e h o l d s t r u c t u r e a n d landscape . A v a i l a b l e 
i n f o r m a t i o n i n d i c a t e s t h a t t h e p r o p o r t i o n o f f e m a l e - h e a d e d h o u s e h o l d s i s o n 
t h e increase. I t ranges f r o m 5 % i n B u r k i n a Faso t o 4 6 % i n Z i m b a b w e ( F A O 
1 9 9 5 , c i t e d i n M a d h u c h h a n d a a n d M u k h o p a d h y a y , 2 0 0 0 ) . I n c o u n t r i e s l i k e 
L e s o t h o , o v e r 7 0 % o f f a r m i n g h o u s e h o l d s are h e a d e d b y d e j u r e o r d e f a c t o 
f e m a l e heads. In E r i t r e a , t h e f i g u r e i s a s h i g h a s 4 6 % . 
Female -headed househo lds are ca tegor ized as de f ac to a n d de j u r e . W h e r e 
w o m e n h e a d househo lds because t h e i r husbands are away f r o m h o m e f o r 
p r o l o n g e d pe r iods , t h e w o m e n are r e f e r r e d t o a s d e f a c t o heads. I n m o s t cases, 
these w o m e n o f t e n have t o c o n s u l t t h e i r husbands f o r m a j o r decis ions s u c h a s 
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i n t r o d u c t i o n o f n e w technologies , a n a r r angement t h a t c o u l d de lay a d o p t i o n o f 
such t echnolog ies . W o m e n w h o h e a d households f o r reasons ranging f r o m never 
m a r r i e d , d i v o r c e d o r w i d o w e d are k n o w n as de jure heads. W h i l e w o m e n 
head ing such househo lds m i g h t have t h e advantage o f m a k i n g m o s t decisions, 
m a n y ( b u t n o t a l l ) are cons t r a ined by inadequa te resources such as l and , c r e d i t 
a n d o t h e r necessary i n p u t s , a l l o f w h i c h h a m p e r a d o p t i o n o f technologies . 
A l t h o u g h n o t a l l households headed b y w o m e n are poor , c o m p a r a t i v e l y 
f e w achieve s ecu r i t y t h r o u g h r e m i t t a n c e s f r o m wage-earn ing m e n f o l k (Jiggins 
1 9 8 6 ) . Female -headed households , w h e t h e r de facto or de jure, are c o m m o n l y 
cha rac te r i zed b y smal le r l a n d ho ld ings , smal le r f a m i l y sizes a n d f e w e r n u m b e r o f 
f a r m i n g adul t s , a n d are r e l a t i ve ly u n d e r c a p i t a l i z e d . I n Kenya , Sorensen ( 1 9 9 0 , 
c i t e d i n B l a c k d e n a n d B h a n u 1 9 9 8 ) revea led t h a t f ema le -headed households 
h a d h a l f t h e p r o p e n s i t y o f m a l e - h e a d e d househo lds t o a d o p t tea . Since i n Kenya 
a r o u n d o n e - t h i r d o f r u r a l households are female -headed , t h i s d i m i n i s h e d 
capac i ty is, i n aggregate, subs tan t ia l . S i m i l a r f ind ings have been r e c o r d e d in 
Z a m b i a w h e r e t h e f ema le -headed households are least advantaged i n t e r m s o f 
access t o factors o f p r o d u c t i o n , consequent ly , t h e i r f a r m i n g pract ices , p r o b l e m s 
a n d p r i o r i t i e s are d i f f e r e n t f r o m those o f m a l e fa rmers . I n a n a g r i c u l t u r a l sy s t em 
w h e r e some o f t h e k e y tasks ( such a s c u t t i n g o f t rees a n d f o r s lash-and-burn 
c u l t i v a t i o n ) are gender-specif ic , t h e t r a d i t i o n a l p a t t e r n o f l a n d p r e p a r a t i o n 
undergoes great m o d i f i c a t i o n i n t h e case o f f ema le -headed households w h o d o 
n o t have access t o r e q u i r e d m a l e labor. D u e t o m a l e l abor shortage, f ema le -
headed househo lds n o r m a l l y p repare smal le r f i e l d s i n sites w h e r e b i g t rees are i n 
abundance , o f t e n near t h e vi l lage w h e r e t h e fores t has n o t f u l l y regenera ted . 
T h e i n s u f f i c i e n t a m o u n t o f ash i n such f i e l d s d i r e c t l y resul ts i n p o o r y ie lds , a n d 
less f o o d f o r t h e f a m i l y (Sikana a n d S iame 1 9 8 7 , c i t e d i n B l a c k d e n a n d B h a n u 
1 9 9 8 ) . T h i s i s a n e w c l i e n t f o r research a n d d e v e l o p m e n t ( R & D ) , one w h o s e 
needs a n d preferences d i f f e r s ign i f i can t ly f r o m those i n househo lds w h e r e t h e r e 
i s a n a d u l t m a n . I t i s i m p o r t a n t t o f u l l y u n d e r s t a n d t h e m a t t h e diagnosis a n d 
des ign stage o f research a n d i m p l e m e n t a t i o n o f p rograms . 
Women are as good farmers (if not better) as men 
N o t w o r k i n g w i t h w o m e n represen t s a m i s s e d o p p o r t u n i t y f o r R & D since 
w o m e n have d e m o n s t r a t e d t h e i r c a p a b i l i t y i n p r o d u c t i o n . I t is, h o w e v e r , also 
i m p o r t a n t t h a t R & D takes i n t o a c c o u n t n e w ev idence t h a t shows t h a t 
d i f f e r ences i n access t o k e y i n p u t s can l e a d t o m a r k e d p r o d u c t i v i t y 
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d i f f e r e n t i a l s b e t w e e n p l o t s c o n t r o l l e d b y m e n a n d w o m e n . T h e s e resource 
d i f f e r e n t i a l s i m p o s e a large o p p o r t u n i t y cos t t o soc ie ty i n t e r m s o f f o r g o n e 
o u t p u t a n d i n c o m e s , t h e m a g n i t u d e o f w h i c h i s o n l y n o w b e i n g r ea l i zed . 
Q u i s u m b i n g e t a l . ( 1 9 9 5 ) , h o w e v e r , p o i n t s o u t s o m e o f t h e s h o r t c o m i n g s o f 
t h e approaches u s e d t o ca l cu la t e p r o d u c t i v i t y . She p a r t i c u l a r l y h i g h l i g h t s a 
n u m b e r o f d i f f i c u l t i e s s u c h a s t h e f ac t t h a t t h e s i m u l a t i o n s d o n o t s h o w h o w 
i n p u t leve ls c an a c t u a l l y b e inc reased , d i f f i c u l t i e s i n d e f i n i n g a p p r o p r i a t e 
measures o f p r o d u c t i v i t y i n d i f f e r e n t f a r m i n g sys tems, o m i s s i o n o f i n d i v i d u a l 
cha rac te r i s t i c s i n a t t e m p t s t o measu re p r o d u c t i v i t y d i f f e rences b y sex a n d t h e 
l a c k o f c l a r i t y r e g a r d i n g m e a s u r e m e n t o f sex a n d gender d i f f e r ences . W h i l e 
these c a u t i o n s p r o v i d e o p p o r t u n i t i e s f o r f u r t h e r w o r k , t h e r e i s c lear e v i d e n c e 
o f gende r d i f f e r e n t i a l s i n p r o d u c t i v i t y a s i l l u s t r a t e d he re . 
I n B u r k i n a Faso, a s i n o t h e r pa r t s o f A f r i c a , d i f f e r e n t m e m b e r s o f t h e 
h o u s e h o l d s i m u l t a n e o u s l y g r o w t h e same c r o p i n d i f f e r e n t p l o t s . Factors o f 
p r o d u c t i o n s u c h a s l a b o r a n d f e r t i l i z e r s are, h o w e v e r , n o t e q u i t a b l y a l l oca t ed , 
r e s u l t i n g i n i ne f f i c i enc i e s t h a t l e ad t o s ign i f i can t y i e l d d i f f e r e n t i a l s . O n 
average, y i e l d s i n w o m e n ' s f i e lds are a b o u t 1 8 % l o w e r t h a n i n m e n ' s p l o t s a n d 
f o r s o r g h u m , t h e y i e l d i s 4 0 % less. I t has, h o w e v e r , b e e n o b s e r v e d t h a t b y 
r e a l l o c a t i n g resources b e t w e e n t h e p l o t s c o n t r o l l e d b y m e n a n d w o m e n i n t h e 
same househo lds , y i e l d s i n w o m e n ' s p l o t s can b e i m p r o v e d s i g n i f i c a n t l y a n d 
t h e a g r i c u l t u r a l o u t p u t i n t h e f a m i l y can b e inc reased b y 1 0 - 2 0 % ( U d r y e t 
a l . 1 9 9 5 ) . Sa i to e t a l . ( 1 9 9 2 , 1 9 9 4 ) s h o w e d t h a t t h e m e a n gross va lue o f o u t p u t 
p e r hec t a r e i n m a l e - m a n a g e d p l o t s i n K e n y a was 8 .4% h i g h e r t h a n i n f e m a l e -
m a n a g e d p l o t s , a l t h o u g h s i m u l a t i o n exercises suggest t h a t i f w o m e n h a d t h e 
same access t o resources a s m e n , t h e i r gross va lue o f o u t p u t w o u l d increase b y 
a b o u t 2 2 % . S i m i l a r resu l t s h a d b e e n r e c o r d e d b y M o o c k ( 1 9 7 6 ) w h o 
m e a s u r e d m a i z e o u t p u t f r o m a s a m p l e o f 152 K e n y a n f a rmer s , i n c l u d i n g 5 1 
f e m a l e - h e a d e d h o u s e h o l d s a n d f o u n d t h a t w h e n t h e fac to rs o f a g r i c u l t u r a l 
i n t e n s i f i c a t i o n - c r e d i t , f e r t i l i z e r , s choo l ing , e x t e n s i o n c o n t a c t a n d f e r t i l e soils 
- w e r e s t a t i s t i ca l ly c o n t r o l l e d , w o m e n f a r m e r s r a i sed a b o u t 7 % m o r e m a i z e 
t h a n m e n f a r m e r s . I n M o o c k ' s s tudy, w o m e n i n r e a l i t y ra i sed 4 % b e l o w t h e i r 
p o t e n t i a l . T h u s t o t a l m a i z e y i e l d s i n t h e d i s t r i c t w e r e b e l o w p o t e n t i a l because 
w o m e n h a d less access t o i n p u t s t h a n m e n ( B l u m b e r g 1 9 9 2 ) . I n con t r a s t , i n 
areas w h e r e t h e l e v e l o f a g r i c u l t u r a l i n p u t services w a s m u c h h i g h e r a n d a i m e d 
la rge ly a t m e n , w o m e n lagged b e h i n d ( B l u m b e r g 1 9 9 2 ) . T h i s i s f u r t h e r 
s u p p o r t e d b y s tud ies t h a t have m e a s u r e d p r o d u c t i v i t y o f m e n a n d w o m e n 
f a r m e r s w i t h o u t a t t e m p t i n g t o t a k e i n t o a c c o u n t w o m e n ' s l o w e r access t o 
1 0 4 
i n p u t s , e x t e n s i o n , e d u c a t i o n , f e r t i l e soils e tc . These s tud ies have f o u n d 
w o m e n t o b e less p r o d u c t i v e ; f o r e x a m p l e , M o o c k ( 1 9 8 1 ) f o u n d a 1 5 % 
p r o d u c t i v i t y gap i n K e n y a . These resu l t s u n d e r s c o r e t h e f ac t t h a t i n e q u i t a b l e 
d i s t r i b u t i o n o f p r o d u c t i v e resources b e t w e e n m e n a n d w o m e n u n d e r m i n e s 
t h e o v e r a l l a g r i c u l t u r a l p r o d u c t i v i t y o f sub-Saharan A f r i c a . 
W o m e n have also d e m o n s t r a t e d great p o t e n t i a l fo r i nnova t ion . W h e n S taud t 
( 1 9 7 5 - 7 6 , 1978 , 1985) addressed men ' s a n d w o m e n ' s ab i l i t y t o innovate , she 
f o u n d t h a t w h e r e ne i t he r m e n no r w o m e n h a d m u c h access t o agr icu l tura l i n p u t 
services such a s ex tens ion a n d c red i t , w o m e n t e n d e d to adop t i m p r o v e d maize 
earl ier and g r e w m o r e d ive r s i f i ed crops t h a n m e n . These results suggest t h a t 
w o m e n m a y b e b e t t e r f a r m managers t h a n m e n , a n d m i g h t have deve loped 
super ior exper t i se i n t h e crops (maize , beans, cowpeas) on w h i c h t h e analysis was 
done ( (T iba i juka 1 9 9 4 ) ) . T h i s p rov ides a great o p p o r t u n i t y fo r R & D . 
Ignoring gender is inefficient 
Jiggins ( 1 9 8 6 ) r e p o r t e d increasing evidence f r o m agr icu l tura l p ro jec t a n d p r o g r a m 
evaluations t h a t insuf f ic ien t a t t e n t i o n to gender tends to increase o r re inforce 
gender inequi t ies i n ways w h i c h h o l d p r o d u c t i v i t y and we l f a re b e l o w t h e p o t e n t i a l 
( C a r l o n i 1983; D e y 1983; Jones 1982; Pradhan 1983a) . T h i s c l a i m has been 
s u p p o r t e d b y Blackden and B h a n u ( 1 9 9 8 ) w h o r e p o r t t h e g r o w i n g r ecogn i t i on 
t h a t gender i nequa l i t y s ignif icant ly constraints economic g r o w t h . These f indings 
are w e l l i l l u s t r a t ed by an e x a m p l e f r o m B u r k i n a Faso ( B o x 2 ) . 
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B o x 2 . 
Resources a l l o c a t e d i n e f f i c i e n t l y across p l o t s c o n t r o l l e d b y d i f f e r e n t 
m e m b e r s o f t h e h o u s e h o l d r e d u c e o v e r a l l p r o d u c t i v i t y P l o t s c o n t r o l l e d 
b y w o m e n are f a r m e d less i n t e n s i v e l y t h a n s i m i l a r p l o t s c o n t r o l l e d b y 
m e n i n t h e same h o u s e h o l d a n d s i m u l t a n e o u s l y p l a n t e d w i t h t h e s a m e 
c r o p . M u c h less m a l e l a b o r p e r h e c t a r e i s d e v o t e d t o p l o t s c o n t r o l l e d b y 
w o m e n t h a n t o s i m i l a r p l o t s c o n t r o l l e d b y m e n . C h i l d l a b o r a n d u n p a i d 
exchange l a b o r are also a p p l i e d i n t e n s i v e l y t o p l o t s c o n t r o l l e d b y m e n . 
Las t ly , v i r t u a l l y a l l f e r t i l i z e r a p p l i e d t o a p l o t resu l t s i n p rogres s ive ly 
s m a l l e r increases i n o u t p u t . T h e less i n t e n s i v e a p p l i c a t i o n o f resources 
o n w o m e n ' s p l o t s r esu l t s i n l o w e r y i e l d s , O n e s t u d y e s t i m a t e s t h a t t h e 
v a l u e o f h o u s e h o l d o u t p u t c o u l d b e inc reased b y 1 0 - 2 0 % b y r e a l l o c a t i n g 
c u r r e n t l y u s e d i n p u t s across p l o t s ( A l d e r m a n e t a l . 1 9 9 5 ) , 
Denying women benefits reduces productivity 
G e n d e r imba l ances a n d l a ck o f i n c e n t i v e s f o r w o r k d o n e o f t e n l e ad t o d e c l i n e 
i n a g r i c u l t u r a l p r o d u c t i o n . T h e r e i s n o w g r o w i n g e v i d e n c e s h o w i n g t h a t w h e n 
n o t c o m p e n s a t e d , w o m e n t e n d t o d i r e c t l abo r t o w a r d ac t i v i t i e s u n d e r t h e i r 
o w n c o n t r o l e v e n w h e n f o r g o n e ac t i v i t i e s are m o r e p r o f i t a b l e a s r e p o r t e d b y 
B l u m b e r g ( 1 9 8 9 ) a n d K a b u t h a ( 1 9 9 8 ) . 
A K e n y a n s a m p l e su rvey c o m p a r e d d i f f e r ences i n m a i z e y i e l d s i n m a l e -
a n d f e m a l e - h e a d e d h o u s e h o l d s d u e t o w e e d i n g p rac t i ces ( w e e d i n g i s a f e m a l e 
o b l i g a t i o n i n K e n y a ) . I n f e m a l e - h e a d e d househo lds , w e e d i n g inc reased y i e l d s 
b y 5 6 % w h e r e a s i n m a l e - h e a d e d h o u s e h o l d s t h e increase was o n l y 1 5 % . S ince 
o t h e r f ac to r s w e r e s imi la r , t h e d i f f e r e n c e i n y i e l d increase a p p e a r e d t o have 
b e e n d u e t o l a c k o f i n c e n t i v e s f o r w o m e n t o w o r k o n h o l d i n g s w h o s e o u t p u t 
w a s c o n t r o l l e d b y m e n . T h e n a t i o n a l m a i z e loss i n K e n y a d u e t o t h e e f f e c t o f 
d i s i n c e n t i v e s i s e s t i m a t e d t o b e a b o u t t h e same a s m a i z e ga in b y a p p l i c a t i o n o f 
p h o s p h a t e a n d n i t r o g e n f e r t i l i z e r s ( D e m e r y e t a l . 1 9 9 3 c i t e d i n 
M a d h u c h h a n d a a n d M u k h o p a d h y a y 2 0 0 0 ) . 
A n o t h e r r e l e v a n t e x a m p l e i s t h e S E M R Y r i ce p r o j e c t i n C a m e r o o n . T h e 
p r o j e c t f o u n d e v i d e n c e o f h o u s e h o l d p r o d u c t i o n dec is ions t h a t l e d t o sub-
o p t i m a l p r o d u c t i o n , a n d f a i l u r e t o m a x i m i z e i n c o m e . T h i s r e s u l t e d f r o m 
c o n f l i c t o v e r t h e l eve l o f c o m p e n s a t i o n w o m e n g o t f o r t h e i r labor . M e n 
t r a d i t i o n a l l y have t h e r i g h t t o i n c o m e e a r n e d b y t h e i r w i v e s a n d c o n t r o l 
i n c o m e f r o m r i c e sales, t h o u g h w o m e n are e x p e c t e d t o c o n t r i b u t e t h e i r labor . 
I n t h i s p r o j e c t , w o m e n ' s w i l l i n g n e s s t o c o n t r i b u t e l abo r t o r i ce p r o d u c t i o n 
d e p e n d e d o n t h e i r b e i n g c o m p e n s a t e d s i g n i f i c a n t l y above w h a t t h e y c o u l d 
e a r n f r o m l o w - r e t u r n subsis tence c rops ( B l a c k d e n a n d B h a n u 1 9 9 8 , a d a p t e d 
f r o m Jones 1 9 8 6 ) . 
S i m i l a r f i n d i n g s w e r e r e c o r d e d b y K a b u t h a ( 1 9 9 8 ) w h o f o u n d t h a t i n 
t h e S o u t h N y a n z a Sugar ( S O N Y ) g r o w i n g area o f K e n y a , w o m e n a n d o t h e r 
m e m b e r s o f t h e f a m i l y r e f u s e d t o w o r k o n f a m i l y f a r m s f r o m w h i c h t h e r e 
w a s n o c o m p e n s a t i o n . M e n k e p t a l l t h e m o n e y e v e n w h e n t h e y h a d 
c o n t r i b u t e d l i t t l e t o sugar-cane p r o d u c t i o n f o r c i n g w o m e n t o se l l t h e i r l a b o r 
f o r w a g e i n o t h e r p e o p l e ' s f a r m s . T h i s g e n d e r d i m e n s i o n ca l l s f o r h o u s e h o l d -
l e v e l n e g o t i a t i o n a n d c o m p r o m i s e i n t h e w a y t h o s e w h o c o n t r i b u t e t o 
p r o d u c t i o n w i l l b e n e f i t f r o m t h e i r i n p u t . I t i s a d i m e n s i o n R & D c a n n o t 
i g n o r e because o f i t s p o t e n t i a l t o d e r a i l t e c h n o l o g y a d o p t i o n a n d o v e r a l l f o o d 
p r o d u c t i o n . 
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Women and men have different preferences for 
technologies 
W h e n w o m e n f a r m e r s ga in b e t t e r access t o d iverse n e w p l a n t i n g ma te r i a l s , 
t h e y d e m o n s t r a t e a r e m a r k a b l e a b i l i t y t o e x p e r i m e n t c r ea t ive ly a n d share 
resu l t s en thus i a s t i c a l l y a m o n g t h e m s e l v e s . T h i s i s one o f t h e f ind ings o f a 
r e c e n t p a r t i c i p a t o r y b r e e d i n g p r o j e c t i n S ie r ra L e o n e ( l a u n c h e d b y C A R E a n d 
f u n d e d b y a m i n i n g c o m p a n y b u t m a n a g e d b y f a r m e r s ) . T h e f a rmer s o rgan ized 
t h e m s e l v e s a r o u n d c lubs , w h i c h d i s t r i b u t e d s m a l l packages o f p l a n t i n g 
m a t e r i a l . M e m b e r s chose f r o m a m o n g 5 4 var ie t i e s o f r i c e , cassava, s w e e t 
p o t a t o , o i l p a l m , m a n g o a n d m a i z e . F r o m 7 5 0 f a r m e r s i n 1 9 9 0 , t h e n u m b e r 
rose t o 4 5 0 0 p e o p l e i n 7 5 vi l lages b y 1 9 9 5 . A t least 1 8 var ie t i es h a d b e e n 
i d e n t i f i e d a n d a d o p t e d b y t h e e n d o f t h e p r o j e c t ( C G I A R 1 9 9 9 ) . T h i s means 
t h a t even w i t h i n t h e same h o u s e h o l d , d i f f e r e n t m e m b e r s c o u l d have d i f f e r i n g 
in te res t s , p r i o r i t i e s a n d p re fe rences . A v a i l a b i l i t y o f a p p r o p r i a t e o p t i o n s w i l l 
d e t e r m i n e t h e degree t o w h i c h t echno log i e s are a d o p t e d . 
Women and men have different knowledge bases 
M e n a n d w o m e n have d i f f e r i n g k n o w l e d g e a n d sk i l l s r e g a r d i n g t h e i r o w n 
e n v i r o n m e n t a n d each i s t h e r e f o r e a n i m p o r t a n t source o f such resource i n 
t h e i r o w n r i g h t . T h r o u g h t h e i r o w n close c o n t a c t w i t h n a t u r e , w o m e n d e v e l o p 
a m u c h d e e p e r k n o w l e d g e a b o u t t h e t r a d i t i o n a l m e d i c i n a l p l an t s a n d herbs , 
w h i c h are a p a r t o f t h e i r d i v e r s i f i e d h o m e gardens a n d are also m o r e 
k n o w l e d g e a b l e a b o u t fo res t resources . I n S ie r ra L e o n e , w o m e n f o r e x a m p l e , 
w e r e r e p o r t e d t o k n o w 3 1 uses f o r fo res t species o n f a l l o w l a n d a n d fores ts 
whereas m e n k n e w o n l y 8 ( F A O 1 9 8 9 ) . I n O b o t o , N i g e r i a , t h e w o m e n l ead 
t h e O d o - O r i s a fes t iva l , w h i c h h i g h l i g h t s t h e n e e d t o conserve t h e O d o - O r i s a 
s t r e a m a n d w a t e r s h e d . Case s tud ies o n w o m e n r i c e f a r m e r s i n C a m e r o o n 
(Jones 1 9 8 2 ) , Senegal (L ina res 1 9 8 1 ) a n d S ie r ra L e o n e ( K a r i m u a n d Richards 
1 9 8 0 ) i n d i c a t e a n e n o r m o u s range o f sk i l l s a n d k n o w l e d g e a m o n g w o m e n , 
sk i l l s t h a t are passed t h r o u g h genera t ions , i n c l u d i n g d e t a i l e d k n o w l e d g e o n so i l 
t y p e s , t o x i c i t i e s , s a l i n i t y c o n d i t i o n s a n d w a t e r m a n a g e m e n t . A s p l a n t 
b reeders , w o m e n d o m e s t i c a t e w i l d species, se lect g e r m p l a s m a n d save seed i n 
s m a l l f a r m - p r o d u c t i o n sys tems a n d o f t e n bear t h e p r i m a r y r e s p o n s i b i l i t y f o r 
m a i n t a i n i n g a n d r e p r o d u c i n g t h e w o r l d ' s landraces o f c rops s u c h a s beans, 
cassava, f o n i o , b a m b a r a g r o u n d n u t s , m i l l e t a n d m a n y m i n o r species. T h e y are 
also conve r san t w i t h seed charac te r i s t i c s , a g r o n o m i c p rac t i ces f o r w e e d 
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Men and women are affected differently by external 
shocks such as globalization and HIV/AIDS 
A l t h o u g h g r o u n d e d i n c u l t u r e a n d socia l sys tems, gende r r e l a t i ons a n d 
e n t i t l e m e n t s are g r e a t l y i n f l u e n c e d b y e x t e r n a l fo rces . G l o b a l i z a t i o n a n d 
H I V / A I D S c o n s t i t u t e b y far t h e m o s t i m p o r t a n t changes a n d shocks d u r i n g 
t h e last t w o decades . T h e d u o have l e f t b e h i n d a t r a i l o f m i s e r y i n f o r m o f 
g r o w i n g d e f i c i t s i n f o o d p r o d u c t i o n a n d p o v e r t y , a l l w i t h g e n d e r d i m e n s i o n s . 
T h e y have also a l t e r e d t h e k n o w n a n d p r e d i c t a b l e g e n d e r pa th s a n d t r e n d s . 
G l o b a l i z a t i o n has f o c u s e d o n e c o n o m i c e f f i c i e n c y p r o g r a m s t h a t s t r i v e 
f o r a n a r r a n g e m e n t o f resources i n w a y s t h a t p r o v i d e t h e grea tes t t o t a l o u t p u t 
t h r o u g h r e m o v a l o f m a r k e t d i s t o r t i o n s s o t h a t e v e r y i n p u t a n d o u t p u t r e f l ec t s 
i t s t r u e e c o n o m i c v a l u e ( o r o p p o r t u n i t y cos t ) t o t h e w h o l e e c o n o m y . T h e 
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m a n a g e m e n t a n d e r o s i o n c o n t r o l a n d m a i n t e n a n c e o f so i l f e r t i l i t y , a n d i n 
a d d i t i o n manage l a b o r r e q u i r e m e n t s e f f i c i e n t l y t o r e d u c e seasonal pressures 
( M u d h u c h h a n d a a n d M u k h o p a d h y a y 2 0 0 0 ) . T h e R w a n d a b e a n p r o j e c t i s y e t 
a n o t h e r e x a m p l e o f w o m e n ' s use o f t h e i r i n d i g e n o u s k n o w l e d g e base t o m a k e 
r a t i o n a l cho ices ( B o x 3 ) . 
Sc i en t i s t s a t t h e I n s t i t u t d e s sciences ag ronorn iques d u R w a n d a ( I S A R ) 
a n d t h e C e n t r o I n t e r n a c i o n a l d e A g r i c u l t u r a T r o p i c a l ( C I A T ) i n 
C o l o m b i a c o l l a b o r a t e d w i t h l o c a l w o m e n f a n n e r s t o b r e e d b e a n 
va r i e t i e s . P rev ious ly , t h e b r e e d e r s ' p r e d i c t i o n s o f t h e t w o o r t h r e e b e a n 
va r i e t i e s t h a t d i s p l a y e d m o s t p o t e n t i a l u n d e r a c t u a l g r o w i n g c o n d i t i o n s 
h a d r e s u l t e d i n m i l d l y success fu l increases i n b e a n p r o d u c t i v i t y . I n t h i s 
c o l l a b o r a t i o n , t h e w o m e n f a r m e r s w e r e i n v i t e d t o e x a m i n e m o r e t h a n 
2 0 b e a n v a r i e t i e s a t t h e r e sea rch s t a t i o n a n d t a k e h o m e a n d g r o w t h e 2 
o r 3 t h e y t h o u g h t m o s t p r o m i s i n g . T h e w o m e n p l a n t e d these va r i e t i e s 
u s i n g t h e i r o w n m e t h o d s o r e x p e r i m e n t i n g w i t h n e w va r i e t i e s . A l t h o u g h 
t h e w o m e n ' s c r i t e r i a f o r s e l e c t i o n w e r e n o t c o n f i n e d t o y i e l d , w h i c h h a d 
b e e n t h e b r e e d e r s ' p r i m a r y m e a s u r e f o r r a n k i n g , t h e se lec t ions o f t h e 
w o m e n f a r m e r s o u t p e r f o r m e d t h e se lec t ions o f t h e b e a n b r e e d e r s i n 
t e r m s o f y i e l d b y 6 0 - 9 0 % . F a r m e r s w e r e s t i l l g r o w i n g t h e i r o w n cho ices 
s i x seasons l a t e r ( S p e r l i n g a n d N t a b o m v u r a 1 9 9 4 , c i t e d i n Q u i s u m b i n g 
e t a l . 1 9 9 5 ) . 
p r i n c i p l e s have h o w e v e r i g n o r e d m a r k e t d i s t o r t i o n s caused b y gende r 
c o n s t r u c t s s u c h a s u n e q u a l t e r m s o f m a r k e t p a r t i c i p a t i o n . O s l o ( 1 9 9 4 ) 
r e v e a l e d "gender imba lances i n access t o a n d c o n t r o l o f e c o n o m i c a l l y 
p r o d u c t i v e resources ( n o t a b l y l a n d , h o u s i n g t i t l e s , labor , f i nanc i a l services, 
legal services, e x t e n s i o n , t r a n s p o r t i n f r a s t r u c t u r e , u r b a n services) l e ad to a 
l o w e r response t o e c o n o m i c i n c e n t i v e s t h a n w o u l d b e t h e case i f these 
d i f f e r e n t i a l s w e r e r e d u c e d . " T h e s e gende r d i f f e r e n t i a l s have r e s u l t e d i n w h a t 
has b e e n d e s c r i b e d as "mi s sed" e c o n o m i c p o t e n t i a l . 
S i m i l a r l y H I V / A I D S , w h i c h has w r e a k e d havoc o n f o o d p r o d u c t i o n , has 
nega t i ve ly a f f e c t e d w o m e n ' s o v e r a l l p r o d u c t i v i t y because o n t h e w h o l e , 
h o u s e h o l d s have h a d f e w e r resources t o i nves t i n p r o d u c t i o n i n c l u d i n g l abor 
a n d f inances . Finances have d i m i n i s h e d d u e t o d i v e r s i o n o f resources t o loss o f 
e a r n i n g p o t e n t i a l d u e t o sickness a n d m e d i c a l expenses . C a r e o f t h e s ick has 
also r e s u l t e d i n r e d u c e d t i m e f o r f o o d p r o d u c t i o n . W o m e n assume heavy 
r e s p o n s i b i l i t y i n t h i s task because o f t h e i r t r a d i t i o n a l r o l e a s h e a l t h p r o v i d e r s . 
T h e s e n e w d i m e n s i o n s u n d e r l i n e t h e n e e d f o r R & D t o t a k e i n t o a c c o u n t m a j o r 
s t r u c t u r a l a n d social changes a s p a r t o f t h e i n i t i a l d iagnosis a n d p r o b l e m 
i d e n t i f i c a t i o n . 
T h e p o t e n t i a l e f f e c t o f these social changes o n t e c h n o l o g y a d o p t i o n a n d 
m a n a g e m e n t can b e b u i l t i n t o t h e des ign a n d i m p l e m e n t a t i o n o f p r o g r a m s . A n 
a d d i t i o n a l w a y i n w h i c h R & D c o u l d r e s p o n d t o t h e scourge i s b e g i n n i n g t o 
d e v e l o p t echno log i e s t h a t m e e t t h e c i r c u m s t a n c e s o f t h e n e w c l i en t s -
c h i l d r e n a n d t h e o l d . 
Gender-based constraints to technology 
adopt ion and productivi ty 
W h i l e t h e i m p o r t a n c e o f m a i n s t r e a m i n g gende r i n R & D i n n o w a p p r e c i a t e d , 
m a k i n g i t w o r k s t i l l r e m a i n s a m a j o r cha l lenge . A l o g i c a l w a y t o s t a r t i s t o 
ensure a s o u n d u n d e r s t a n d i n g o f gender -based cons t r a in t s , w h i c h p r o v i d e t h e 
basis f o r i n t e r v e n t i o n . 
Women's limited access to and control over land 
Access t o l a n d a n d s e c u r i t y o f t e n u r e are m a j o r fac tors i n f o o d p r o d u c t i o n 
because dec is ions o n t e c h n o l o g y a d o p t i o n are i n f l u e n c e d b y access t o l a n d a n d 
s e c u r i t y o f l a n d t e n u r e . I n d i v i d u a l s w i t h insecure t e n u r e w i l l gene ra l ly be less 
l i k e l y t o i n v e s t i n n e w t e c h n o l o g i e s t h a t r e q u i r e resources s u c h a s c a p i t a l 
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(Doss 1 9 9 9 ) . W h e r e t e n u r e i s secure, f a r m e r s are m o r e i n c l i n e d , f o r e x a m p l e , 
t o inves t i n s l o w e r - g r o w i n g t r e e c rops , p r o d u c t i v i t y e n h a n c i n g i n p u t s o r m o r e 
l abo r - i n t ens ive l a n d c o n s e r v a t i o n p rac t i ces , t h e r e b y ra i s ing b o t h p r o d u c t i v i t y 
a n d t h e q u a l i t y o f l a n d . W h e r e t e n u r e i s i n secure because l a n d i s t i t l e d o r 
d i s p u t e d , t h e r e i s m u l t i p l e a n d o v e r l a p p i n g o w n e r s h i p o r r i g h t s are unclear , 
u n c e r t a i n t y discourages t h e i n v e s t m e n t s n e e d e d t o i m p r o v e l a n d p r o d u c t i v i t y . 
A s i n v e s t m e n t s i n l a n d also i m p r o v e i t s q u a l i t y a n d p e r m i t i t s sus ta inable use, 
f a i l u r e t o i nves t can have nega t ive e n v i r o n m e n t a l i m p a c t . C o m p a r i n g t h e 
p e r f o r m a n c e o f squa t t e r s o n s tate l a n d ( insecure t e n u r e ) a n d t i t l e d f a r m e r s 
(secure t e n u r e ) i n T h a i l a n d , Feder e t a l . ( 1 9 8 8 , c i t e d i n Panayo tou 1 9 9 3 ) 
f o u n d t h a t secure t e n u r e h a d a larger v o l u m e o f i n v e s t m e n t , h i g h e r l i k e l i h o o d 
o f l a n d i m p r o v e m e n t s ( c o n t r i b u t i n g t o i t s sus ta inable use) , m o r e i n t e n s i v e use 
o f va r i ab le i n p u t s a n d h i g h e r o u t p u t p e r u n i t l a n d . 
T h e fac t t h a t f e w w o m e n i n A f r i c a have secure a n d i n d e p e n d e n t r i gh t s t o 
l a n d d e s p i t e t h e i r s ign i f i can t r o l e i n a g r i c u l t u r e , leads t o l o w a g r i c u l t u r a l 
p r o d u c t i v i t y . I n m o s t places, w o m e n c a n n o t legal ly o r c u s t o m a r i l y i n h e r i t 
w e a l t h a n d p r o p e r t y , i n c l u d i n g l a n d . T h e y o b t a i n r i gh t s t o l a n d t h r o u g h m e n , 
gene ra l ly t h r o u g h t h e i r husbands a n d sons. I n C a m e r o o n f o r e x a m p l e , l a n d 
regis ters s h o w t h a t less t h a n 1 0 % o f w o m e n h o l d l a n d t i t l e s a n d i n t h e N o r t h 
W e s t P r o v i n c e t h i s f i gu re i s o n l y 3 .2%, r e p r e s e n t i n g b a r e l y 0 . 1 % o f t h e 
r eg i s t e r ed l a n d mass. I n 1 9 9 8 , t h e F e d e r a t i o n o f K e n y a W o m e n L a w y e r s 
( F I D A 1 9 9 6 ) r e p o r t e d t h a t o n l y a b o u t 1 % o f w o m e n i n K e n y a o w n l a n d . 
T h e r e are, h o w e v e r , e x c e p t i o n s t o t h i s r u l e . 
E x c e p t i o n s are c o m m o n i n c o u n t r i e s w h e r e m a t r i l i n e a l i n h e r i t a n c e 
t r a d i t i o n a l l y d o m i n a t e s , a s y s t e m t h a t accords w o m e n t h e r i g h t t o l a n d exis ts 
f o r e x a m p l e i n C o t e d ' l v o i r e , G h a n a , M a l a w i a n d Z a m b i a . I n B u r k i n a Faso, 
T h e G a m b i a a n d N i g e r i a , g i r l s are t y p i c a l l y g iven a p l o t o f l a n d f o r t h e i r o w n 
needs o r f o r t h e i r f u t u r e f a m i l y ' s needs. Neve r the l e s s , even i n these areas, 
because o f inc reas ing pressure o n l a n d , daugh te r s t e n d t o rece ive " m o v a b l e o r 
m o r e l i q u i d assets w h i l e l a n d t e n d s t o b e c o n c e n t r a t e d i n t h e hands o f m e n 
( I F A D 2 0 0 1 ) . I n a f e w o t h e r c o u n t r i e s , s u c h a s E r i t r e a , t h e l a n d p o l i c y m a k e s 
i t poss ib le f o r w o m e n t o a c q u i r e l a n d a l t h o u g h even here , w o m e n e n d u p w i t h 
s m a l l e r p ieces o f l a n d t h a n m e n d o ( G o v e r n m e n t o f E r i t r e a 1 9 9 4 ) . M u s l i m 
l a w accords w o m e n t h e r i g h t t o a c q u i r e l a n d d i r e c t l y ( w o m e n ' s r i g h t t o l a n d i s 
o n l y o n e - f i f t h t h a t o f m e n ) . I n t h e res t o f A f r i c a , m o s t w o m e n have u s u f r u c t 
r i gh t s t o l a n d t h a t are h e l d b y t h e i r husbands o r are c o m m u n a l l y h e l d . I t i s 
t h e r e f o r e r e c o m m e n d e d t h a t analysis o f w o m e n ' s r i g h t t o l a n d s h o u l d focus o n 
1 1 0 
b o t h s ecu r i t y o f access a n d l a n d o w n e r s h i p . A s t a t e m e n t m a d e b y t h e f o r m e r 
P res iden t o f Tanzania, t h e l a te M w a l i m u Ju l ius N y e r e r e , g r aph ica l l y c a p t u r e d 
t h e d i sadvan taged p o s i t i o n o f w o m e n w i t h regard t o l a n d ( B o x 4 ) . 
Women's limited access to extension education 
Access t o a p p r o p r i a t e i n f o r m a t i o n m a y have a s ign i f i can t i m p a c t o n 
a g r i c u l t u r a l p r o d u c t i v i t y . H o w e v e r , t h e l eve l o f usefulness o f s u c h e x t e n s i o n 
i n f o r m a t i o n depends o n b o t h access t o t h e source o f t h a t i n f o r m a t i o n b y 
f a r m e r s a n d i t s q u a l i t y a n d appropr ia t eness (Doss 1 9 9 9 ) . 
I n K e n y a , O n g a r o ( 1 9 9 0 ) associated e x t e n s i o n e d u c a t i o n w i t h o u t p u t , 
p r o d u c i n g increases o f 7 -18%. I n con t ras t , M o o c k ( 1 9 7 6 ) , w h o e x a m i n e d 
f a r m e r e f f i c i e n c y i n K e n y a , es tab l i shed t h a t use o f e x t e n s i o n services r e s u l t e d 
i n h i g h e r y i e ld s f o r m e n b u t n o t f o r w o m e n . T h i s associa t ion was , h o w e v e r , n o t 
e x p l a i n e d a n d c o u l d perhaps b e l i n k e d t o e i t h e r less i n f o r m a t i o n o r 
i n f o r m a t i o n t h a t was q u a l i t a t i v e l y l o w e r i n t h e case o f w o m e n ; i t c o u l d also 
have r e s u l t e d f r o m unde r -use o f o t h e r i n p u t s . 
I n t e r m s o f access t o e x t e n s i o n e d u c a t i o n , t h e r e are d i s t i n c t gender 
d i f f e r e n t i a l s . W o m e n i n A f r i c a c o n t i n u e t o rece ive m u c h less e x t e n s i o n 
e d u c a t i o n t h a n m e n , f o r e x a m p l e , i n 1 9 9 0 aggregate da ta ( S w a n s o n e t a l . 
1 9 9 0 , c i t e d i n B l u m b e r g 1 9 9 2 ) r evea led t h a t o n l y 7 % o f t h e t i m e a n d 
resources o f e x t e n s i o n o rgan iza t ions w e r e d e v o t e d t o w o m e n f a r m e r s . Sa i to e t 
a l . ( 1 9 9 4 ) p r e s e n t e d da ta f o r K e n y a , M a l a w i , N i g e r i a , Tanzania a n d Z a m b i a , 
s h o w i n g t h a t i r r e s p e c t i v e o f t h e l eve l o f f a r m c o n t a c t , f e w e r w o m e n t h a n m e n 
w e r e r e a c h e d b y e x t e n s i o n agents. I n response t o t h i s d i spa r i ty , m a n y 
organ iza t ions are u s ing w o m e n g roups t o i m p r o v e access. W h i l e p o s i t i v e 
resu l t s have b e e n r e c o r d e d in m a n y cases u n d e r a w o m e n - f o c u s e d e x t e n s i o n 
m o d e l , t h e r e are also i n d i c a t i o n s t h a t i m p r o v i n g access t o t e c h n o l o g y a n d 
i n f o r m a t i o n t o w o m e n a lone m a y n o t necessar i ly b r i n g abou t i m p r o v e d 
p r o d u c t i v i t y o f w o m e n because t h e y m a y l a c k c a p a c i t y t o use t h e i r k n o w l e d g e 
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B o x 4 . 
" T h e w o m e n o f A f r i c a t o i l a l l t h e i r l ives o n l a n d t h e y d o n o t o w n , t o 
p r o d u c e w h a t t h e y d o n o t c o n t r o l a n d a t t h e e n d o f t h e i r mar r i age 
t h r o u g h d i v o r c e o r d e a t h , t h e y can b e sent away e m p t y - h a n d e d " 
M w a l i m u N y e r e r e , f o r m e r Pres ident o f Tanzania. A f r i c a n Prepara tory 
C o n f e r e n c e , T h i r d W o r l d C o n f e r e n c e o n W o m e n , A r u s h a , Tanzania, 1994 . 
a n d sk i l l s d u e t o o t h e r gende r r e l a t e d cons t r a in t s such a s access a n d c o n t r o l 
ove r p r o d u c t i v e resources . M u k h o p a d h y a y a n d P i e r i ( 2 0 0 0 ) s u p p o r t t h i s v i e w 
w h e n t h e y state t h a t w o m e n are d i sadvan taged i n a p p l y i n g e x t e n s i o n messages 
because o f t h e i r i n a b i l i t y t o p r o c u r e i n p u t s a n d also t o ge t t h e m a t t h e r i g h t 
t i m e i n t h e r i g h t p lace . G e n d e r d i f f e r e n t i a l i n access t o e x t e n s i o n e d u c a t i o n i s 
r e f l e c t e d i n Table 1 . 
T a b l e 1 . A c c e s s t o e x t e n s i o n b y g e n d e r . 
Country 
Kenya 
Malawi 
Nigeria 
Tanzania 
Zambia 
Year 
1989 
1989 
1989 
1984 
1986 
Male 
12 
70 
37 
40 
60 
Female 
9 
58 
22 
28 
19 
Source: Saito et al. 1994 
Women's limited access to equipment and 
appropriate technology 
O w n e r s h i p o f f a r m t o o l s a n d i m p l e m e n t s i n f luences f o o d p r o d u c t i o n since 
those w i t h t h e t o o l s are able t o p r epa re t h e l a n d i n t i m e a n d are able t o t a k e 
f u l l advantage o f ra ins . W o m e n can, h o w e v e r , use these i t e m s w h e n n o t i n use 
e l s ewhe re . F e m a l e f a r m e r s i n genera l o w n f e w e r t o o l s t h a n m e n a n d are 
t h e r e f o r e l i k e l y t o have l o w e r y i e l d s t h a n m a l e f a r m e r s . ( Q u i s u m b i n g e t a l . 
1 9 9 5 ) r e m i n d s u s t h a t m o s t n e w t echno log ie s avai lable t o w o m e n have o f t e n 
b e e n i n a p p r o p r i a t e t o t h e i r needs. W o m e n ' s i n a b i l i t y t o c o n t r o l these 
i m p l e m e n t s i s c o n s i d e r e d a c o n s t r a i n t i n t h e a d o p t i o n a n d e f f e c t i v e 
m a n a g e m e n t o f research t echno log ie s . A s t u d y c a r r i e d o u t i n t h e G a m b i a i n 
1970s re f l ec t s t h i s d i s p a r i t y i n o w n e r s h i p o f t oo l s a n d f a r m i m p l e m e n t s . 
Table 2. Percentage owning tools. 
Tool 
Plough 
Seeder 
Weeder 
Multipurpose implements 
Men 
8.2 
26.9 
12.4 
18.1 
Women 
0.0 
0.6 
0.2 
0.4 
Source: Saito et al., 1994. 
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Women's heavy workloads limit technology adoption 
and productivity 
T i m e i s a m a j o r f a c t o r i n t h e a d o p t i o n o f t echno log ies . C o m p e t i t i o n f o r 
w o m e n ' s t i m e b e t w e e n r e p r o d u c t i v e a n d p r o d u c t i v e w o r k a n d t h e i r o b l i g a t i o n 
t o p r o v i d e u n p a i d f a m i l y l abor f o r husbands can cause i n e f f i c i e n c y i n w o m e n ' s 
f a r m i n g , p a r t i c u l a r l y d u r i n g seasonal l abor b o t t l e n e c k s . I n b o t h G h a n a a n d 
N i g e r i a , w o m e n have b e e n f o u n d t o b e unab le t o ca r ry o u t i m p o r t a n t 
ope ra t i ons o n t h e i r l a n d i n t i m e because t h e y h a d t o w o r k f o r t h e i r husbands . 
I n B u r k i n a Faso, m e n can ob l ige w o m e n t o w o r k o n t h e i r f i e lds even o n days 
w h e n t h e w o m e n c u s t o m a r i l y w o r k o n t h e i r o w n l a n d , t h u s t a k i n g t i m e away 
f r o m t h e i r f a r m i n g ac t i v i t i e s . T h i s i s m a d e w o r s e b y t h e fac t t h a t d u e t o lack o f 
f i n a n c i a l resources a n d gender d i v i s i o n o f l abo r w i t h i n t h e h o u s e h o l d a n d t h e 
c o m m u n i t y , w o m e n have r e d u c e d access t o t h e w o r k o f o t h e r i n d i v i d u a l s . T h e 
emergence o f t h e H I V / A I D S p a n d e m i c has c o m p l i c a t e d t h e s i t u a t i o n even 
m o r e because w o m e n s p e n d even f e w e r h o u r s o n f a r m w o r k d u e t o r i s i ng 
d e m a n d f o r n u r s i n g a n d care f o r t h e i n f e c t e d . 
H e a v y w o r k l o a d s have i m p l i c a t i o n s f o r R & D . Technolog ies t h a t are labor-
in t ens ive r i s k n o n - a d o p t i o n b y w o m e n d u e t o t h e i r heavy w o r k l o a d s . A 
s t ra tegy t o address t h i s c o n s t r a i n t c o u l d e x p l o r e t h e p o s s i b i l i t y f o r 
d e v e l o p m e n t o f t e chno log i e s t h a t are n o t l abor - in t ens ive b u t w h i c h r e f l e c t 
w o m e n ' s o t h e r p re fe rences . T h e s ta t is t ics i n Table 3 h i g h l i g h t t h e d i f f e r e n t i a l 
t i m e use f o r m e n a n d w o m e n across A f r i c a . 
Table 3 . Average dai ly work ing hours in e c o n o m i c act ivi t ies by gender . 
Agriculture Non-agriculture Total 
Burkina Faso 
Kenya 
Nigeria 
Zambia 
Men 
Women 
Men 
Women 
Men 
Women 
Men 
Women 
7.0 
8.3 
4.3 
6.2 
7.0 
9.0 
6.4 
7.6 
1.7 
6.0 
3.8 
6.1 
1.5 
5.0 
0.8 
4.6 
Source: Saito et al., 1994. 
8.7 
14.3 
8.1 
12.3 
8.5 
14.0 
7.2 
12.2 
A l t h o u g h w i t h va r i a t ions , t h e p h e n o m e n o n o f w o m e n ' s heavy w o r k l o a d s 
h o l d s i n m u c h o f A f r i c a a s s ta t i s t ics o n U g a n d a , Tanzania a n d C a m e r o o n 
f u r t h e r i l l u s t r a t e . 
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U g a n d a : W o m e n have v e r y heavy w o r k l o a d s ; t h e y w o r k l onge r h o u r s 
t h a n m e n b e t w e e n 1 2 a n d 1 8 h o u r s pe r day w i t h a m e a n o f 1 5 h o u r s . T h i s i s i n 
c o m p a r i s o n w i t h a n average m a l e w o r k i n g day o f a r o u n d 8 - 1 0 h o u r s ( W o r l d 
Bank 1 9 9 3 b ) 
Tanzania: T h e average w o m a n has less l e i su re (2 h o u r s p e r day ) t h a n t h e 
average m a n ( 4 . 5 h o u r s p e r d a y ) . I n e c o n o m i c ac t iv i t i e s , w o m e n have a grea ter 
l abor i n p u t t h a n m e n - 5 2 % vs. 4 2 % . W o m e n are i n v o l v e d i n a l m o s t a l l t h e 
ac t i v i t i e s o n t h e f a r m a s w e l l a s h o u s e w o r k ( i n w h i c h m e n h a r d l y p a r t i c i p a t e ) . 
E v e n i n t r a d i t i o n a l m a l e ac t i v i t i e s such a s cash c r o p f a r m i n g , w o m e n w e r e 
f o u n d t o m a k e s ign i f i can t l abo r c o n t r i b u t i o n ( T i b a i j u k a 1 9 9 4 ) . 
C a m e r o o n : I n t h e C e n t r a l P r o v i n c e o f C a m e r o o n , m e n ' s t o t a l w e e k l y 
l a b o r averages 3 2 hou r s , w h i l e w o m e n ' s i s ove r 6 4 hour s . E v e n t h o u g h m u c h o f 
t h e d i s p a r i t y resu l t s f r o m d i f f e rences in d o m e s t i c l abo r h o u r s - 31 h o u r s a 
w e e k f o r w o m e n a n d 4 f o r m e n - a s ign i f i can t d i f f e r e n c e was also obse rved in 
a g r i c u l t u r a l l abo r hou r s : 2 6 h o u r s a w e e k f o r w o m e n a n d 1 2 f o r m e n ( H e n n 
c i t e d i n Poats e t a l . 1 9 8 8 ) 
Women's limited access to credit 
C r e d i t i s a c lear p r e r e q u i s i t e f o r a d o p t i o n o f i m p r o v e d t e c h n o l o g y i n c l u d i n g 
seeds, espec ia l ly h y b r i d seeds a n d f e r t i l i z e r s ( D o s s 1 9 9 9 ) . E x i s t i n g data 
suggest t h a t t h e p o o r i n general have l i t t l e access t o f inance a n d t h a t w o m e n ' s 
access i s m u c h l o w e r t h a n t h a t o f m e n . W o m e n ' s W o r l d o f B a n k i n g es t ima tes 
t h a t f e w e r t h a n 2 % o f l o w - i n c o m e e n t r e p r e n e u r s have access t o f inanc ia l 
services ( W W B 1 9 9 5 ) . I n A f r i c a , w o m e n rece ive less t h a n 1 0 % o f t h e c r e d i t t o 
s m a l l f a r m e r s a n d less t h a n 1 % o f t h e t o t a l c r e d i t t o a g r i c u l t u r e ( U N D P 1 9 9 5 , 
c i t e d i n B l a c k d e n a n d B h a n u 1 9 9 8 ) ) . 
A su rvey c o n d u c t e d i n K e n y a shows t h a t o n l y 3 % o f f e m a l e f a rmer s h a d 
o b t a i n e d c r e d i t f r o m f o r m a l i n s t i t u t i o n s c o m p a r e d w i t h 1 4 % o f m a l e f a rmers , 
a n d 5 % o f f e m a l e f a r m e r s o b t a i n e d c r e d i t f r o m a b a n k . N o t o n l y d i d a l o w e r 
n u m b e r o f f e m a l e f a r m e r s o b t a i n i n s t i t u t i o n a l c r e d i t , b u t also t h e loans t h e y 
h a d go t w e r e m u c h sma l l e r t h a n those g i v e n t o m e n . T h e average size o f loans 
t o w o m e n was 4 2 % o f t hose o f m e n i n N i g e r i a , a n d 6 1 % o f t hose g iven t o m e n 
i n K e n y a (Sa i to e t a l 1 9 9 4 , c i t e d i n M a d h u c h h a n d a a n d M u k h o p a d h y a y 2 0 0 0 ) . 
T h i s c o n s t r a i n t has i m p l i c a t i o n s f o r A f r i c a ' s f o o d p r o d u c t i o n a s i t l i m i t s t h e 
a b i l i t y o f w o m e n t o b u y i n p u t s a n d a d o p t t e c h n o l o g y a n d h i r e d labor . W h i l e 
research organ iza t ions m a y lack b o t h t h e m a n d a t e a n d t h e capac i ty t o h a n d l e 
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c r e d i t p r o g r a m s , t h e y have a n o p p o r t u n i t y t o w o r k w i t h o the r s c u r r e n t l y 
o p e r a t i n g such sys tems a n d w h o c lea r ly have a c o m p a r a t i v e advantage ove r 
research i n s t i t u t i o n s . 
Making gender w o r k for research and 
deve lopment 
D i f f e r e n c e s i n gende r roles a n d p o w e r r e l a t ions w i t h i n househo lds i n f l u e n c e 
t h e chances o f a d o p t i o n o f a g r i c u l t u r a l t echno log ie s a n d e f f ec t ive m a n a g e m e n t 
by f a r m i n g househo lds . T h i s f i n d i n g i s i t s e l f a c o m p e l l i n g a r g u m e n t f o r 
i n c o r p o r a t i n g gender i n Research and D e v e l o p m e n t ( R & D ) besides g r o w i n g 
u n d e r s t a n d i n g t h a t i n c o r p o r a t i n g gender i n R & D harnesses t h e p r o d u c t i v i t y 
p o t e n t i a l o f m e n a n d w o m e n p a r t i c u l a r l y w h e n c l i e n t preferences , cons t ra in t s , 
capaci t ies , ro les a s w e l l a s t h e d i f f e r e n t i a l i m p a c t s o f t echno log ies o n m e n a n d 
w o m e n f a r m e r s i s adequa t e ly t a k e n i n t o accoun t . H o w e v e r , m a k i n g R & D 
respons ive to gende r i s a l o n g process, one t h a t has to be l e a rned a n d 
i m p l e m e n t e d progressively. I t needs i n s t i t u t i o n a l capaci t ies a n d c o m m i t m e n t 
b y w a y o f po l i c i e s a n d i n s t i t u t i o n a l sys tems t h a t s u p p o r t p r o g r a m leve l w o r k . 
S o m e o f t h e m a i n steps f o r i n c o r p o r a t i n g gende r i n research a n d d e v e l o p m e n t 
p r o g r a m s are o u t l i n e d b e l o w . 
Gender analysis 
G e n d e r analysis assists researchers a n d d e v e l o p m e n t agents t o b e t t e r 
u n d e r s t a n d gender roles, r e spons ib i l i t i e s a n d o t h e r d y n a m i c s w i t h i n 
househo lds . T h e process reveals cons t r a in t s t h a t h a m p e r a d o p t i o n a n d 
e f f ec t ive m a n a g e m e n t o f t echno log ie s . These cons t r a in t s p r o v i d e a basis f o r 
i n t e r v e n t i o n b y t r ans l a t i ng t h e m i n t o o p p o r t u n i t i e s . T h e i n t e r v e n t i o n process 
i n c l u d e s b u i l d i n g these cons t r a in t s a n d preferences i n t o t h e design o f research 
a n d d e v e l o p m e n t w o r k . H o u s e h o l d l eve l c l i en t s i n c l u d e m e n and w o m e n 
w i t h i n m a l e - h e a d e d househo lds a n d w o m e n w i t h i n f ema le -headed 
househo lds . K n o w l e d g e o n w h a t w o m e n a n d m e n d o , w h o can use h o u s e h o l d 
resources w i t h o u t cons t r a in t s a n d w h o has t h e t i m e t o p a r t i c i p a t e i n 
t e c h n o l o g y t r i a l s a n d t h e m o s t a p p r o p r i a t e t i m i n g f o r such events a l l 
c o n s t i t u t e c r i t i c a l i n f o r m a t i o n necessary t o d e v e l o p t echno log ies w i t h h i g h 
p o t e n t i a l f o r a d o p t i o n . G e n d e r analysis p r o v i d e s i n f o r m a t i o n o n d i v i s i o n o f 
labor , access t o a n d c o n t r o l ove r p r o d u c t i v e resources a n d shar ing o f bene f i t s . 
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T h e m e t h o d seeks diverse i n f o r m a t i o n such as: W h o does w h a t ? W h o has 
w h a t ? W h o decides? H o w ? W h o gains? W h o loses? W h e n w e ask these 
ques t ions , w e also ask: W h i c h men? W h i c h w o m e n ? G e n d e r analysis t h e r e f o r e 
breaks d o w n t h e d i v i d e b e t w e e n t h e p r i v a t e sphere ( i n v o l v i n g personal 
re la t ionships) a n d t h e p u b l i c sphere (deals w i t h re la t ionships i n w i d e r soc ie ty ) . 
S o m e o f t h e k e y sets o f i n f o r m a t i o n c a p t u r e d t h r o u g h gender analysis 
i n c l u d e w o r k l o a d s f o r d i f f e r e n t m e m b e r s o f househo lds , t e c h n o l o g y 
pre fe rences , access t o a n d c o n t r o l ove r p r o d u c t i o n resources a n d h o w bene f i t s 
are d i s t r i b u t e d w i t h i n househo lds a n d o v e r a l l p o w e r a n d d e c i s i o n - m a k i n g 
processes w i t h i n househo lds . 
Integrating gender constraints into R&D design 
T h i s i s pe rhaps t h e m o s t d i f f i c u l t p a r t o f gender m a i n s t r e a m i n g b u t one t h a t i s 
i m p o r t a n t i n d e t e r m i n i n g t h e degree t o w h i c h t e chno log i e s r e f l e c t t h e 
d i f f e r e n t needs o f m e n a n d w o m e n . S o m e e x a m p l e s o f such i n t e g r a t i o n c o u l d 
i n c l u d e t h e f o l l o w i n g : 
• W h e r e l abor i s a c o n s t r a i n t , sc ient is ts c o u l d e x p l o r e poss ib i l i t i e s f o r 
d e v e l o p i n g var ie t i e s t h a t are less l abo r - in t ens ive . C o n c u r r e n t l y , 
r e d i s t r i b u t i o n o f l abo r w i t h i n househo lds c o u l d also b e n e g o t i a t e d w i t h a l l 
m e m b e r s o f househo lds . 
• I n cases w h e r e m e n a n d w o m e n have d i f f e r e n t t e c h n o l o g y preferences , 
sc ient i s t s are e n c o u r a g e d t o e x p l o r e e l e m e n t s t h a t c o u l d b e i n c l u d e d i n n e w 
t echno log ie s b e i n g d e v e l o p e d . A l t e r n a t i v e l y , w i t h t h e needs expressed , i t i s 
also poss ib le t o search f o r such charac te r i s t i cs a m o n g a l ready d e v e l o p e d 
var ie t ies , p r o v i d i n g m o r e t h a n one t e c h n o l o g y t o a h o u s e h o l d t o give choices 
t o d i f f e r e n t m e m b e r s . 
• On access to a n d c o n t r o l ove r p r o d u c t i v e resources , sc ient is t s have a 
n u m b e r o f o p t i o n s , i n c l u d i n g n e g o t i a t i o n f o r r e d i s t r i b u t i o n o f h o u s e h o l d 
resources i n w a y s t h a t are j u s t a n d d e v e l o p m e n t o f t echno log ie s t h a t are less 
d e m a n d i n g i n t e r m s o f i n p u t s . 
• On benef i t s , research has cons i s ten t ly d e m o n s t r a t e d t h a t w h e r e a category of 
f a m i l y m e m b e r s i s n o t adequa te ly r e m u n e r a t e d f o r i ts w o r k , t h e m e m b e r s 
w i t h h o l d t h e i r i n p u t i n subsequent seasons, t h u s h a m p e r i n g f o o d p r o d u c t i o n . 
T h i s issue s h o u l d be discussed a t t h e i n i t i a l stages o f t e c h n o l o g y t ransfer t o 
create greater u n d e r s t a n d i n g w i t h i n households . A n increase i n i n c o m e f r o m 
ag r i cu l tu ra l p r o d u c t i o n has been s h o w n t o w r e c k ra the r t h a n b u i l d fami l ies . 
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Discussions 
W h i l e i n c o r p o r a t i n g gender i n t o R & D , b r o a d issues, some o f w h i c h are 
r e f l e c t e d i n f o l l o w i n g ques t ions , c o u l d b e cons ide r ed . 
I . H o w t o l i n k d e v e l o p m e n t a n d d e l i v e r y o f t e c h n o l o g y t o f a rmers ' ( m e n a n d 
w o m e n ) d i f f e r e n t i a l p re fe rences a n d capac i ty t o u t i l i z e t h e m i n o r d e r t o 
i m p r o v e f o o d s e c u r i t y a n d i n c o m e s . 
a . D o e s t h i s ca l l f o r a b a s k e t / o p t i o n s f o r m e n a n d w o m e n (crops , c r o p / 
l i v e s t o c k m a n a g e m e n t sys tems) , t a k i n g i n t o a c c o u n t t h e social ly i n h e r e n t 
resource cons t r a in t s f o r w o m e n a n d t h e d i v e r s i t y o f househo lds a n d 
s o c i o - e c o n o m i c status? 
b . H o w s h o u l d research m a k e use o f t h e ga ined ins ights o n i m p a c t s a n d 
i m p l i c a t i o n s o f gender r e l a t ions o n t e c h n o l o g y choice? 
c . W h a t t y p e s o f i n s t i t u t i o n a l a r r angement s can b r i n g a b o u t greater access 
t o bene f i t s f o r m o s t o f t h e poor , w h o o f t e n t e n d t o f o r m f ema le -headed 
househo lds? 
Thoughts from the author 
A baske t o f t echno log ies t o a c c o m m o d a t e d i f f e r e n t needs? Gender -based 
preferences are a r ea l i ty a t t h e h o u s e h o l d and f a r m levels a n d to m e e t diverse 
needs, a basket o f technologies f r o m w h i c h d i f f e r e n t c l ients can p i c k t h e i r 
preferences is r e c o m m e n d e d . A v a i l a b i l i t y o f r i g h t choices w i l l lead t o increased 
a d o p t i o n o f technologies and i m p r o v e m e n t s i n f o o d p r o d u c t i o n . Preferences 
o f t e n re f lec t social roles a n d respons ib i l i t ies . For e x a m p l e , w o m e n are l i k e l y t o 
be i n t e r e s t ed in var ie t ies t h a t are fast m a t u r i n g , have l o w labor demands a n d are 
fast c o o k i n g . O n t h e i r pa r t , m e n m i g h t p re fe r h i g h y i e l d i n g var ie t ies even w h e n 
t h e y are labor in tens ive a n d late m a t u r i n g . In prac t ice , each c l i en t c o u l d select 
t w o o r t h r e e var ie t ies t o m e e t d i f f e r e n t needs. T h e message f o r scientists i s t h a t 
n o single va r i e ty w i l l m e e t a l l these diverse needs. 
H o w t o use lessons f r o m i m p a c t a n d c o n s t r a i n t s t o i m p r o v e t e c h n o l o g y 
choices? G e n d e r m a i n s t r e a m i n g i s a b o u t a l ign ing gender-based lessons a n d 
cons t r a in t s w i t h c l i e n t needs a n d preferences . As an i l l u s t r a t i o n , a swee t 
p o t a t o v a r i e t y g r o w n i n c e n t r a l K e n y a was p o o r l y a d o p t e d because o f i t s 
w a t e r y n a t u r e . T o i m p r o v e p o t e n t i a l f o r a d o p t i o n , scient is ts w o u l d w o r k o n 
r e d u c i n g t h e c o n s t r a i n i n g e l e m e n t - t h e w a t e r y n a t u r e o f t h e var ie ty . O t h e r 
cons t r a in t s , such a s l abo r a n d resources w o u l d be h a n d l e d in t h e same way. 
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I n s t i t u t i o n a l a r r a n g e m e n t s necessary t o r e a c h t h e p o o r . D i f f e r e n t organiza-
t i o n s have d i f f e r e n t m a n d a t e s a n d s t reng ths a n d no single o rgan i za t i on can be 
e v e r y t h i n g i n a g i v e n s i t u a t i o n . T o reach t h e p o o r w i t h a p p r o p r i a t e 
t echno log ie s , research i n s t i t u t i o n s w o u l d n e e d t o w o r k w i t h such organiza-
t i o n s a s n o n - g o v e r n m e n t a l o rgan iza t ions ( N G O s ) a n d c o m m u n i t y based 
organiza t ions , w h i c h have ski l l s i n needs assessments a n d i d e n t i f i c a t i o n o f 
d i sadvan taged g roups . Besides, these t w o g roups also f a c i l i t a t e d e l i v e r y o f 
services such as c r e d i t , a c lear p r e r e q u i s i t e in a d o p t i o n o f n e w t echno log ie s 
a n d c lose ly w o r k w i t h g o v e r n m e n t e x t e n s i o n systems, w h i c h , a l t h o u g h 
i n c a p a c i t a t e d by i n a d e q u a t e logis t ics , have a r i c h t e c h n i c a l capab i l i ty . 
I I . S h o u l d research focus o n m o r e va lue a d d i t i o n i n c l u d i n g c o m i n g u p w i t h 
d i f f e r e n t w a y s o f u t i l i z a t i o n o f t y p i c a l w o m e n o r subsis tence c rops ( swee t 
po ta toes , p i g e o n peas a n d s o r g h u m / m i l l e t s ) t o enhance f o o d s ecu r i t y o r 
m a k e a n a t t e m p t t o c o m m e r c i a l i z e t h e m ? 
P r o m o t i o n o f w o m e n - s p e c i f i c c r o p s o r a n o p e n f i e l d f o r a l l ? H a v i n g a n 
i n c o m e t o purchase a d d i t i o n a l f o o d t o s u p p l e m e n t w h a t f a m i l i e s get f r o m 
t h e i r f a rms i s inc reas ing ly b e i n g r ecogn ized as an aspect o f f o o d secur i ty . T h i s 
i n p a r t exp la ins t h e increas ing focus o n d u a l p u r p o s e c rops t h a t p r o v i d e f o o d 
a n d i n c o m e f o r househo lds , t h u s cha l l eng ing a n d h o p e f u l l y e n d i n g t h e 
t r a d i t i o n a l d i c h o t o m y b e t w e e n subsis tence a n d c o m m e r c i a l f a r m i n g e x c e p t i n 
i n d u s t r i a l c rops such as sugar-cane, c o t t o n , p a l m o i l e tc . 
Conclusion 
T h i s pape r has e x a m i n e d a n d d e m o n s t r a t e d t h a t i nadequa t e a t t e n t i o n t o 
gende r i n research and d e v e l o p m e n t resul ts i n l o w levels o f a d o p t i o n o f 
a g r i c u l t u r a l t e chno log i e s a n d subsequen t l o w p r o d u c t i v i t y . T h e fac t t h a t m e n 
a n d w o m e n have d i f f e r e n t social roles a n d r e spons ib i l i t i e s a n d t h e r e f o r e 
d i f f e r e n t c r i t e r i a f o r p r e f e r r e d t e c h n o l o g i e s p o i n t s t o t h e n e e d f o r a basket o f 
o p t i o n s f r o m w h i c h m e n a n d w o m e n can choose . S i m i l a r l y , m e n a n d w o m e n 
have d i f f e r e n t cons t r a in t s t o t e c h n o l o g y a d o p t i o n a n d m a n a g e m e n t . W o m e n 
are p a r t i c u l a r l y d i sadvan taged w i t h regard t o access t o p r o d u c t i v e resources 
s u c h a s l a n d , t i m e , e x t e n s i o n e d u c a t i o n , f a r m i m p l e m e n t s a n d cash t o b u y 
i n p u t s . For t e chno log i e s t o b e a t t r a c t i v e t o d i f f e r e n t c l i en t s , sc ient is t s w i l l 
n e e d t o a l ign t e c h n o l o g y a d o p t i o n cons t r a in t s t o t h e c i r c u m s t a n c e s a n d 
pre fe rences o f d i f f e r e n t c l i en t s . 
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T h e process o f i n c o r p o r a t i n g gender i n t o research and d e v e l o p m e n t 
log ica l ly s tar ts w i t h gender analysis, w h i c h reveals gender-based cons t ra in t s 
t h a t h a m p e r a d o p t i o n o f t echno log ies . G e n d e r m a i n s t r e a m i n g i s abou t 
r e d u c i n g these cons t ra in t s , f o r e x a m p l e , h o l d i n g l abor d e m a n d s on a 
t e c h n o l o g y t o a m i n i m u m w i l l m a k e i t a t t r a c t i v e t o w o m e n . I t i s also 
i m p o r t a n t t o n o t e t h e i m p o r t a n t ro l e o f i n s t i t u t i o n a l s u p p o r t and back u p , 
t h r o u g h p o l i c y a n d i n s t i t u t i o n a l sys tems t h a t p r o m o t e and sustain gender 
m a i n s t r e a m i n g i n research. 
T h e n e e d f o r c o n t i n u e d research i n d i f f e r e n t areas o f gender cannot b e 
o v e r e m p h a s i z e d . O n e i m p o r t a n t area f o r research focuses on gender and 
p r o d u c t i v i t y , p a r t i c u l a r l y w i t h i n a n e n v i r o n m e n t des t ab i l i zed b y g loba l i za t ion 
and H I V / A I D S . S u p p o r t i s also n e e d e d in t h e search fo r success stories i n 
gender m a i n s t r e a m i n g a n d shar ing t h e same w i t h those s t rugg l ing w i t h gender 
m a i n s t r e a m i n g . 
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Annexure 1 . Gender concepts 
• Women in Development (WID) 
W o m e n i n D e v e l o p m e n t ( W I D ) i s a n app roach t o d e v e l o p m e n t t h a t was 
w i d e l y used u n t i l t h e e n d o f t h e 1980s . I t focuses o n w o m e n a n d t h e i r speci f ic 
s i t u a t i o n as a separate g r o u p b u t fails to recognize t h a t w o m e n l ive in a s y s t e m 
w h e r e m e n have t h e p o w e r a n d a u t h o r i t y ove r day - to -day decis ions . T h i s 
r e c o g n i t i o n n o w chal lenges t h e a p p r o a c h o f w o r k i n g w i t h o n l y w o m e n w h o 
have t o seek a u t h o r i t y a n d reques t resources u n d e r t h e c o n t r o l o f m e n t o 
i m p l e m e n t k n o w l e d g e a n d ski l ls ga ined . L e a v i n g m e n o u t o f these 
a r r angemen t s has been s h o w n t o s ign i f i can t ly r e d u c e t h e l eve l o f a d o p t i o n o f 
t e chno log i e s a n d subsequen t m a n a g e m e n t o f t h e same. 
• Gender and Development (GAD) 
T h i s concep t represents a g r o w i n g awareness t ha t sustainable d e v e l o p m e n t m u s t 
i nc lude t h e f u l l and equal pa r t i c ipa t ion o f b o t h w o m e n and m e n . I t recognizes t h a t 
m e n and w o m e n affect d e v e l o p m e n t projects d i f f e ren t ly and tha t t h e projects i n 
t u r n affect t h e m d i f fe ren t ly . I n v o l v e m e n t o f b o t h groups i n t h e i den t i f i ca t i on o f 
p r o b l e m s and solut ions i s n o w cons idered impera t ive i f t h e interests o f t h e 
c o m m u n i t y as a w h o l e are to be fu r t he r ed . In add i t i on , i t acknowledges t h a t 
because o f d i f f e r en t gender roles, m e n can constra in o r e x p a n d w o m e n ' s op t ions . 
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T h e gende r a p p r o a c h i n d e v e l o p m e n t does n o t focus o n " w o m e n ' s 
issues"; ra ther , i t he lps t o i m p r o v e t h e u n d e r s t a n d i n g o f roles a n d 
i n t e r r e l a t i o n s o f m e n a n d w o m e n a n d t h e cons t r a in t s t h e y face. U s i n g t h i s 
pe r spec t i ve , t h e gende r a p p r o a c h he lps t o p r o m o t e susta inable e q u i t a b l e 
p a t t e r n s o f d e v e l o p m e n t . T h e c o n c e p t has, h o w e v e r , gone t h r o u g h m a j o r 
changes d u r i n g t h e last t w o decades. T h e W I D c o n c e p t was c o n c e p t u a l i z e d i n 
ear ly 1970s succeeded b y W o m e n a n d D e v e l o p m e n t ( W A D ) a n d f i n a l l y gave 
w a y t o G A D a r o u n d 1 9 8 5 . 
• Practical gender needs 
T h e s e are needs i d e n t i f i e d b y m e n a n d w o m e n a n d w h i c h arise o u t o f 
c u s t o m a r y gende r d i v i s i o n o f labor . T h e y are o f t e n c o n c e r n e d w i t h 
inadequac ies i n l i v i n g c o n d i t i o n s such a s f i r e w o o d , h e a l t h a n d w a t e r . W h i l e 
p r a c t i c a l i n t e r v e n t i o n s can increase w o m e n ' s p a r t i c i p a t i o n i n t h e d e v e l o p m e n t 
process , t h e y are u n l i k e l y t o change gender r e l a t i ons and , i n fac t , m a y prese rve 
a n d r e i n f o r c e i n e q u i t a b l e d i v i s i o n o f l abo r ( O X F A M 1 9 9 9 ) . 
• Strategic gender interests 
St ra teg ic gender in te res t s r e f l e c t a cha l lenge to t h e c u s t o m a r y gender r e l a t ions 
a n d i m p l y a change i n r e l a t i o n s h i p ove r p o w e r a n d c o n t r o l b e t w e e n w o m e n 
a n d m e n . T h e y are l o n g t e r m a n d a i m a t equa l i z ing gender-based d i spa r i t i e s i n 
d ive rse areas. A d d r e s s i n g s t ra tegic in te res t s m a y cha l lenge t h e p r e v a i l i n g 
balance o f p o w e r b e t w e e n w o m e n a n d m e n . 
• Gender equity 
G e n d e r e q u i t y i s a b o u t fa i rness a n d j u s t i c e based o n t h e needs a n d 
c i r c u m s t a n c e s o f m e n a n d w o m e n . T h e c o n c e p t recognizes t h a t t h e 
s i t u a t i o n s o f m e n a n d w o m e n are d i f f e r e n t a n d t h a t t h e t w o g r o u p s r e q u i r e 
d i f f e r e n t sets o f responses i n o r d e r f o r t h e m t o b e n e f i t f r o m d e v e l o p m e n t 
o p p o r t u n i t i e s . For e x a m p l e , n o n - r e s i d e n t i a l t r a i n i n g w i l l b e m o r e a t t r a c t i v e 
t o w o m e n w h o n e e d t o r e m a i n near h o m e d u e t o d o m e s t i c r e s p o n s i b i l i t i e s 
w h i l e m e n w o u l d n o t b e a f f e c t e d b y t h e l o c a t i o n o f such t r a i n i n g . 
U n d e r s t a n d i n g t h e d i f f e r e n t i a l g e n d e r p re f e r ences a n d a c c o m m o d a t i n g 
t h e m i s w h a t g e n d e r e q u i t y i s a l l a b o u t . A f f i r m a t i v e ac t ions are a m e a n s t o 
redress d i s p a r i t i e s a c c u m u l a t e d ove r t i m e . 
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• Gender equality 
E q u a l i t y b e t w e e n w o m e n a n d m e n i s a b o u t sameness a n d b e i n g a t par . I t i s 
a m a t t e r o f h u m a n r i g h t s a n d c o n d i t i o n f o r s o c i a l j u s t i c e . W h i l e t h i s i s a 
d e s i r e d g o a l , i t i s n o t easy t o a c h i e v e i n p r a c t i c e . 
• Empowerment 
E m p o w e r m e n t i s a b o u t p e o p l e ( m e n a n d w o m e n ) ga in ing a b i l i t y t o u n d e r t a k e 
ac t iv i t i e s , t o set t h e i r o w n agendas a n d change events . I t i m p l i e s enab l ing 
p e o p l e t o u n d e r s t a n d t h e r e a l i t y o f t h e i r s i t u a t i o n , t o r e f l e c t o n t h e fac tors 
shaping t h a t s i t u a t i o n a n d m o s t c r i t i c a l l y , t a k e steps t o e f fec t changes t o 
i m p r o v e i t . E m p o w e r m e n t o f w o m e n means " add ing t o w o m e n ' s p o w e r " i n 
r e c o g n i t i o n o f t h e huge d i f f e r e n t i a l s t h a t c u r r e n t l y ex i s t . A n e m p o w e r m e n t 
focus invo lves t h e r ad i ca l a l t e r a t i o n o f t h e s t r uc tu r e s t h a t r e p r o d u c e w o m e n ' s 
s u b o r d i n a t e p o s i t i o n as a gender . In research and d e v e l o p m e n t , w o m e n ' s 
e m p o w e r m e n t w o u l d ensure t h a t t h e i r needs are b u i l t i n t o t h e design a n d 
i m p l e m e n t a t i o n o f t h e ac t iv i t i e s o f those sectors . E m p o w e r m e n t i s a b o u t 
r e m o v a l o f bar r ie r s t h a t k e e p e i t h e r m e n o r w o m e n d o w n . 
Annexure II. Gender mainstreaming 
G e n d e r m a i n s t r e a m i n g ensures t h a t needs, e n t i t l e m e n t s a n d exper iences o f 
m e n a n d w o m e n are t a k e n i n t o a c c o u n t i n eve ry p r o j e c t , p r o g r a m and w i t h i n 
i n s t i t u t i o n s . G e n d e r m a i n s t r e a m i n g leads t o R & D e f fo r t s w o r k i n g w i t h m e n 
a n d w o m e n w i t h f u l l u n d e r s t a n d i n g o f i n d i v i d u a l cons t ra in t s a n d p o t e n t i a l s . 
• Gender analysis 
To f i r m l y g r o u n d R & D , gender analysis b e c o m e s a necessary process as a f i r s t 
s tep . T h i s i s a m e t h o d o l o g y f o r s t u d y o f t h e d i f f e r e n t roles o f w o m e n and m e n , 
t h e d i f fe rences b e t w e e n t h e i r r e spec t ive levels o f access t o a n d c o n t r o l over 
resources a n d t h e consequen t va r i a t ions i n cons t ra in t s , needs, p r i o r i t i e s a n d 
o p p o r t u n i t i e s . U l t i m a t e l y , gender analysis he lps i d e n t i f y gender-based 
i nequa l i t i e s b e t w e e n w o m e n a n d m e n i n a d d i t i o n t o d i f f e r e n t i a l i m p a c t o f 
d e v e l o p m e n t i n i t i a t i ve s o n w o m e n a n d m e n . 
T h e m e t h o d seeks diverse i n f o r m a t i o n such as: W h o does wha t? W h o has 
w h a t ? W h o decides? H o w ? W h o gains? W h o loses? W h e n w e ask these 
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quest ions , w e also ask: W h i c h men? W h i c h w o m e n ? G e n d e r analysis t h e r e f o r e 
breaks d o w n t h e d i v i d e b e t w e e n t h e p r i va t e sphere ( i n v o l v i n g personal 
re la t ionsh ips ) a n d t h e p u b l i c sphere (deals w i t h re la t ionsh ips i n w i d e r soc i e ty ) . 
• Components of gender analysis 
D i v i s i o n o f l a b o r - w h o does w h a t ? 
In gender analysis, th ree fo rms of w o r k are analyzed - reproduct ive , p roduc t ive (on 
and o f f f a rm) and c o m m u n i t y w o r k . Unders tand ing t h e ent i re w o r k l o a d for w o m e n 
and m e n assists scientists iden t i fy clients w h o have t i m e or alternatively, use t h e 
results o f analysis to negotiate for w o r k red i s t r ibu t ion w i t h i n t he family. Th i s can also 
inf luence t h e t y p e of technology developed - tha t w h i c h i s n o t labor-intensive. 
R e p r o d u c t i v e w o r k . T h i s ca tegory i n c l u d e s t h e care a n d m a i n t e n a n c e o f 
t h e h o u s e h o l d a n d i t s m e m b e r s . S u c h w o r k i n c l u d e s c o o k i n g , w a s h i n g , 
c lean ing , n u r s i n g a n d l o o k i n g af ter c h i l d r e n . A l t h o u g h t h i s f o r m o f w o r k 
i s necessary, i t i s r a r e ly v a l u e d i n c o m p a r i s o n t o p r o d u c t i v e w o r k . I t i s 
n o r m a l l y n o t p a i d f o r a n d i s n o t r e f l e c t e d i n c o n v e n t i o n a l e c o n o m i c 
s ta t i s t ics . W o m e n m o s t l y ca r ry o u t t h i s f o r m o f w o r k . 
P r o d u c t i v e w o r k . T h i s f o r m o f w o r k i n c l u d e s p r o d u c t i o n o f goods a n d 
services f o r i n c o m e o r subsis tence. T h i s w o r k i s r e cogn ized a n d valued. 
W i t h i n a g r i c u l t u r e , i t w o u l d i n c l u d e c r o p a n d l i v e s t o c k p r o d u c t i o n , 
ag ro fo res t ry a n d business a m o n g o the r s . 
C o m m u n i t y w o r k . T h i s f o r m o f w o r k i s carried o u t b y soc ie ty f o r 
c o m m u n a l b e n e f i t . I t i nc ludes c l ea r ing o f roads, w a t e r canals e tc . 
Access to and control over productive resources 
Access refers t o a b i l i t y t o use w h i l e c o n t r o l re f lec t s p o w e r a n d a u t h o r i t y . 
Resources are n e e d e d t o ca r ry o u t w o r k ana lyzed u n d e r d i v i s i o n o f labor . T h e 
resources c o u l d i n c l u d e ski l l s a n d k n o w l e d g e , f i nanc i a l resources t o b u y seeds 
or seedlings, e q u i p m e n t s u c h as shovels , l a n d e tc . 
Access to and control over benefits 
W o r k generates bene f i t s i n a v a r i e t y o f f o r m s . F a r m i n g p r o d u c e s f o o d , fodde r , 
f r u i t s , f i r e w o o d a n d t i m b e r f o r b u i l d i n g a n d f o r sale. O f i n t e r e s t t o researchers 
a n d d e v e l o p m e n t w o r k e r s i s t h e r e l a t i o n s h i p b e t w e e n those w h o d o t h e ac tua l 
w o r k a n d those w h o c o n t r o l bene f i t s . Fa i lu re t o b e n e f i t f r o m one 's i n p u t 
creates d i s i n c e n t i v e t h a t leads t o w i t h d r a w a l o f s u p p o r t . 
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Tools of gender analysis 
Tools of gender analysis are o f t e n r e f e r r e d to as f r a m e w o r k s of analysis. A large 
n u m b e r o f these f r a m e w o r k s ex i s t b u t t h i s paper i l lus t ra tes a few, i n c l u d i n g 
t h e H a r v a r d F r a m e w o r k , G e n d e r Ana lys i s M a t r i x a n d W o m e n ' s E c o n o m i c 
E m p o w e r m e n t . 
Annexure III. Tools of gender analysis 
N a m e o f C o m m u n i t y : D i s t r i c t : D a t e : 
A l l t y p e s o f l abo r are ana lyzed i n o r d e r t o es tab l ish t o t a l w o r k l o a d s ince t h i s 
can ac t as a b a r r i e r to a d o p t i o n . 
Reproductive work 
# Type of work Male adult Female adult Ma le chi ld Female chi ld 
1 . Fetching water 
2 . Chi ld care 
4 . Fetching f i rewood 
5. Cook ing 
6. Wash ing d ishes 
7. Wash ing c lothes 
Productive work 
# Type of work Female adult Male adult Female chi ld Male chi ld 
1 . Land preparat ion 
2. Plant ing ma ize 
3. Plant ing fodder 
4. Feeding of an imals 
5. Spray ing 
6. Harvest ing 
7. Market ing 
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A : D i v i s i o n o f l abo r 
G e n d e r A n a l y s i s : H a r v a r d F r a m e w o r k a n d G e n d e r A n a l y s i s M a t r i x 
C o m m u n i t y w o r k 
# Type of work Male adult Female adult Male child Female child 
1. Clearing water canals 
2. Removal of algae 
3. Soil and water 
conservation on public land 
4. Construction of cut-off drains 
6. Development meetings 
7. Attending funerals, wedding 
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D a i l y c a l e n d a r ( t i m e u s e ) 
T h i s t r a cks h o w m e n a n d w o m e n spend t h e i r 
p r o v i d e s u se fu l i n f o r m a t i o n o n 
w h a t k i n d o f w o r k e tc . 
t i m e 
w h o i s o v e r w o r k e d , 
on a day- t 
w h o m t o 
to -day basis. 
w o r k w i t h 
I t 
o n 
Woman's daily calendar 
W a k e - u p t i m e S leep 
Man's daily calendar 
W a k e - u p t i m e S leep 
B : Access t o a n d c o n t r o l o v e r p r o d u c t i v e resources 
Access Control 
# Resources FA MA FC MC FA MA FC MC 
1. Training on animal husbandry 
2. Farm implements - draught animals 
3. Time 
4 Money 
FA = female adult; MA = male adult; FC = female child; MC = male child. 
C : Access t o a n d c o n t r o l ove r bene f i t s 
Access Control 
# Benefits FA MA FC MC FA MA FC MC 
1 Skills and knowledge 
2. Milk 
3. Money from sale of farm products 
4 Manure 
FA = female adult; MA = male adult; FC = female child; MC = male child. 
Gender Analysis Matrix 
I d e n t i f y a c o m m u n i t y p r o j e c t c u r r e n t l y u n d e r i m p l e m e n t a t i o n . U s e t h e 
G e n d e r Ana lys i s M a t r i x t o assess t h e d i f f e r e n t i a l gender i m p a c t o f t h e p r o j e c t 
Category 
of group 
Men 
Women 
Boy child 
Girl child 
Food 
Mosquito 
nets Labor Income Skills 
Decision 
making Culture 
W o m e n ' s E m p o w e r m e n t F r a m e w o r k 
Level o f e q u a l i t y 
• C o n t r o l - f u l l y in-charge 
• P a r t i c i p a t i o n - a c t i v e l y engaged 
• C o n s c i e n t i z a t i o n - b e g i n n i n g to real ize levels of i nequa l i t i e s 
• Access - basic su rv iva l 
• W e l f a r e ( e m e r g e n c y s i tua t ions ) 
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HIV/AIDS and Afr ican agriculture 
T i m Q u i n l a n a n d A l a n W h i t e s i d e 1 
In t roduct ion 
T h i s b r i e f f o r t h i s p a p e r w a s t o : 
" B r o a d l y r e v i e w t h e la tes t da ta o n t h e i n c i d e n c e o f H I V / A I D S , 
p r o j e c t i o n s o v e r t h e n e x t 2 0 years , a n d t h e p e r c e i v e d i m p a c t s o n 
s m a l l h o l d e r a g r i c u l t u r e a n d f o o d secu r i ty . " 
T h e b r i e f i n c l u d e s a focus o n " w h a t are t h e i m p a c t s o f H I V / A I D S o n 
labor , h o u s e h o l d assets, p r o d u c t i v i t y , i n c o m e s , n u t r i t i o n , socia l n e t w o r k s " , 
w i t h a v i e w t o i n d i c a t i n g t h e i m p l i c a t i o n s gene ra l l y f o r t h e w o r k o f a g r i c u l t u r a l 
research i n s t i t u t e s . I C R I S A T ' s o w n o p e r a t i o n a l focus i s t h e s e m i - a r i d t r o p i c a l 
r e g i o n o f A f r i c a i n v i e w o f H I V / A I D S . T h e p a p e r i s i n t e n d e d t o c o n t r i b u t e t o 
d iscuss ions w i t h i n I C R I S A T a b o u t i t s f u t u r e a c t i v i t i e s . 
HIV/AIDS in Africa 
T h e H I V / A I D S p a n d e m i c m u s t b e c o n s i d e r e d i n any d i scuss ion o n A f r i c a . 
T h e r e i s e v i d e n c e t h a t t h e p a n d e m i c w i l l t h r e a t e n t h e soc ia l w e l f a r e a n d 
e c o n o m i c l i f e o f m a n y o f t h e c o n t i n e n t ' s i n h a b i t a n t s . I t i s e s t i m a t e d t h a t 2 8 . 5 
m i l l i o n sub-Saharan A f r i c a n ' s are i n f e c t e d w i t h H I V a n d , i n 2 0 0 1 , 3 m i l l i o n 
d i e d o f t h e disease ( U N A I D S 2 0 0 2 ) . F u r t h e r m o r e , any d i scuss ion o f H I V / 
A I D S , p a r t i c u l a r l y i n r e l a t i o n t o e x i s t i n g s o c i o - e c o n o m i c agendas a n d 
p r o g r a m s such a s t h o s e o f I C R I S A T , i s i l l s e rved i f t w o i m p o r t a n t 
q u a l i f i c a t i o n s are n o t n o t e d a t t h e s t a r t . 
F i r s t , t h e b l e a k p r e d i c t i o n s i n m a n y m e d i a p r e s u m e n o i n t e r v e n t i o n o r 
i n e f f e c t i v e i n t e r v e n t i o n . Second ly , r e p o r t i n g t h e p r o s p e c t s i s r e a l l y o n l y o f 
va lue i f i t p r e s u m e s a c o m m i t m e n t t h a t t h e p a n d e m i c can b e m a n a g e d a n d 
c o n t a i n e d , a n d a r e c o g n i t i o n t h a t t h e scale o f t h e p a n d e m i c d e m a n d s 
i n t e r v e n t i o n i n s o m e f o r m b y m a n y agencies. W e s h o u l d n o t b e i g n o r i n g 
expe r i ences a n d r e p o r t s o f t h e t r ag ic consequences o f H I V / A I D S , b u t w e 
1. HEARD (Health Economics and HIV/AIDS Research 
Management, University of Natal Durban, South Africa. 
Division) School of Economics and 
1 2 8 
s h o u l d also r ecogn ize t h a t t h e p u r p o s e i s t o encourage i n f o r m e d a n d 
c o n s i d e r e d i n t e r v e n t i o n s t o m i t i g a t e t h e i m p a c t s o f t h e p a n d e m i c i n A f r i c a . 
T h e s e p rov i sos , w e c o n t e n d , are u s e f u l p r e m i s e s f o r assessing t h e 
p e r t i n e n c e o f H I V / A I D S t o research a n d d e v e l o p m e n t p r o g r a m s t h a t are n o t 
spec i f i c a l l y f o c u s e d o n h e a l t h issues gene ra l ly o r H I V / A I D S i n p a r t i c u l a r . W e 
re fe r h e r e t o t h e m u l t i t u d e o f i n s t i t u t i o n a l a n d p r o j e c t - b a s e d p r o g r a m s i n 
A f r i c a t h a t , i n one f o r m o r ano the r , address s c i e n t i f i c a n d d e v e l o p m e n t 
conce rns a n d o p e r a t e u n d e r t h e r u b r i c o f va r ious i n t e r n a t i o n a l agendas (e .g . 
"sus ta inable d e v e l o p m e n t " ) . I C R I S A T i s one o f m a n y o rgan iza t ions w h o s e 
o p e r a t i o n s i m p i n g e o n a n d , a t t h e same t i m e , m a y b e a f f e c t e d b y H I V / A I D S , 
b u t i t needs f i r s t a f o u n d a t i o n o n w h i c h t o answer t h e ques t i ons o f h o w , w h y , 
a n d t o w h a t e x t e n t . 
O n e i l l u s t r a t i o n o f t h i s n e e d i s t h e d i f f i c u l t y o f gene ra l i z ing t h e i m p a c t s 
o f H I V / A I D S o n a n area a s w i d e a s " t h e s e m i - a r i d t r o p i c s " o f A f r i c a . For 
ins tance , t h e r e l evance o f d i scuss ing H I V / A I D S m a y seem o b v i o u s t o 
I C R I S A T researchers i n M a l a w i , U g a n d a , Z a m b i a a n d Z i m b a b w e , i n v i e w o f 
e v e r y d a y e x p e r i e n c e o f h o w H I V / A I D S i s d e v a s t a t i n g p e o p l e ' s l ives a n d o f t h e 
k n o w n h i g h p r e v a l e n c e o f H I V i n these c o u n t r i e s . H o w e v e r , i t m a y n o t s e e m 
s o p e r t i n e n t t o researchers i n c o u n t r i e s such a s M a l i o r G h a n a w h e r e e f fec t s o f 
t h e p a n d e m i c are n o t a lways e v i d e n t . T h e o b v i o u s a n s w e r i s t h a t t h e n e e d f o r 
c o o r d i n a t e d , i n f o r m e d a n d w e l l - d i r e c t e d i n t e r v e n t i o n i s essent ia l i n t h e 
c o u n t r i e s o f t h e s e m i - a r i d t r o p i c s ( S A T ) w h e r e H I V / A I D S p r e v a l e n c e levels 
are v e r y l o w , p r ec i s e ly t o a v o i d t h e t raged ies u n f o l d i n g e l s e w h e r e . 
T h e m a n a g e m e n t o f a n e p i d e m i c i n a c o u n t r y , w h a t e v e r t h e p r e v a l e n c e 
ra te , r e q u i r e s a " m u l t i - s e c t o r a l " response; a n d t h a t m e a n s m a n y agencies c an 
a n d s h o u l d c o n t r i b u t e t o t h i s e f f o r t . I n t h e sec t ions b e l o w w e o u t l i n e aspects 
o f t h e H I V / A I D S p a n d e m i c t h a t are p e r t i n e n t t o I C R I S A T . T h e s e aspects, i t 
m a y b e n o t e d , m i r r o r t h e steps t h a t can b e t a k e n b y a n o r g a n i z a t i o n t o 
f o r m u l a t e a n i n t e r v e n t i o n . B r o a d l y speak ing t h e steps are: 
a ) A p p r e c i a t e t h e p o t e n t i a l t h r e a t o f t h e H I V / A I D S p a n d e m i c i n A f r i c a . 
b ) C o n s i d e r h o w t h e p a n d e m i c m a y a f fec t t h e w o r k o f a n o r g a n i z a t i o n . 
c ) Assess h o w t h e p a n d e m i c i s a c t u a l l y a f f e c t i n g t h e o rgan iza t ion ' s w o r k . 
d ) R e f o r m u l a t e p r o g r a m s a n d p r o j e c t s i n w a y s t h a t i n c o r p o r a t e H I V / A I D S 
m a n a g e m e n t as a s i gn i f i c an t f ac to r . 
T h i s p a p e r p r o v i d e s a s t a r t i n g p o i n t f o r these steps, b u t o n l y a s t a r t i n g 
p o i n t . I C R I S A T i s a b e t t e r p lace t o c o n s i d e r s teps b ) t o d ) t h a n w e are. 
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HIV/AIDS incidence and projections in Africa 
H I V i n f e c t i o n p recedes t h e onse t o f A I D S . A c c o r d i n g l y , p r o j e c t i o n s o f t h e 
sp read o f a n e p i d e m i c h i g h l i g h t a r a p i d g r o w t h i n i n f e c t i o n f o l l o w e d i n d u e 
cour se ( i n c u b a t i o n p e r i o d r ang ing f r o m 5-8 years i n i n d i v i d u a l s - l onge r 
d e p e n d i n g o n f o r m o f i n t e r v e n t i o n ) b y g r o w t h i n A I D S - r e l a t e d sicknesses a n d 
dea ths ( F i g u r e 1 ) . 
T h e f i g u r e presen ts a n eco log ica l m o d e l . T h e p r e m i s e i s t h a t any 
e p i d e m i c g r o w t h c u r v e m u s t l e v e l o u t a t s o m e p o i n t s i m p l y because t h e r e are 
f e w e r i n d i v i d u a l s t o b e i n f e c t e d a n d m a n y w h o c o u l d i n f e c t o t h e r s are 
i n c a p a c i t a t e d b y i l lness a n d d y i n g . S i m i l a r l y , t h e A I D S g r o w t h ra t e m u s t l e v e l 
o u t a s t h e p o t e n t i a l n u m b e r o f i n d i v i d u a l s i n a p o p u l a t i o n w h o can b e i n f e c t e d 
decreases, a n d a s t h e p o p u l a t i o n size d i m i n i s h e s d u e t o d e a t h b y A I D S - r e l a t e d 
i l lnesses . 
T h e r e a l i t y i n A f r i c a i s t h a t e s t i m a t i o n s a n d e m p i r i c a l e v i d e n c e i n d i c a t e 
t h a t t h e H I V i n f e c t i o n rates are s t i l l c l i m b i n g , a n d even w h e r e t h e r e has b e e n 
a d o w n t u r n i n H I V p r e v a l e n c e levels o f i l lness a n d d e a t h r e m a i n h i g h . F i g u r e 2 
h i g h l i g h t s t h i s t r e n d f o r several c o u n t r i e s i n s o u t h e r n A f r i c a w h e r e t h e disease 
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Figure 1 . The t w o e p i d e m i c curves. 
N u m b e r s 
H I V 
A1 A2 
A 
A I D S 
B1 B 
T1 T2 T i m e 
i s a c k n o w l e d g e d t o b e sp read ing m o r e r a p i d l y t h a n i n m a n y o t h e r regions o f 
t h e c o n t i n e n t . 
Figure 2 . HIV in fec t ion rates in sou thern Afr ica . 
R e p o r t i n g , su rve i l l ance a n d m o d e l i n g o f t h e i m p a c t s o f t h e p a n d e m i c 
have b e c o m e w e l l t u n e d i n s o u t h e r n A f r i c a . T h i s i s n o t t o say t h a t t h e 
m o n i t o r i n g a n d e v a l u a t i o n are as g o o d as i s poss ib le ; s i m p l y , t h a t t h e e v i d e n c e 
f r o m t h i s r e g i o n i s u s e f u l f o r i l l u s t r a t i n g t h e p o t e n t i a l i m p a c t s o f t h e p a n d e m i c 
i n t h e S A T r e g i o n a n d A f r i c a general ly . O n e a l a r m i n g p r o j e c t i o n , p r e s e n t e d i n 
F igu re 3 a n d based o n analysis o f t h e e p i d e m i c i n B o t s w a n a , i s t h e p r o f o u n d 
e f f e c t o f a n H I V / A I D S e p i d e m i c o n t h e d e m o g r a p h i c c o m p o s i t i o n a n d 
s t r u c t u r e o f a p o p u l a t i o n . T h e B o t s w a n a case i s a u se fu l t e m p l a t e i n t h a t t h e 
c u r r e n t p o p u l a t i o n d e m o g r a p h y i s c o m m o n t h r o u g h o u t A f r i c a : a " p y r a m i d " 
d e m o g r a p h i c p a t t e r n d u e t o h i g h f e r t i l i t y rates a n d h i g h b i r t h rates, such t h a t 
t h e m a j o r i t y o f t h e p o p u l a t i o n i s " y o u n g " , c o u p l e d w i t h r e l a t i v e l y h i g h a d u l t 
m o r t a l i t y rates d u e t o p o v e r t y a n d e x t a n t c o n d i t i o n s f o r t h e m a j o r i t y o f 
A f r i c a n s , s u c h t h a t r e l a t i v e l y f e w p e o p l e l i v e i n t o " o l d age". 
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Figure 3 . Pro jected changes t o t h e d e m o g r a p h i c c o m p o s i t i o n o f Bo tswana 's 
p o p u l a t i o n ( 2 0 0 0 a n d 2 0 2 5 ) . 
T h e p r o j e c t e d d e m o g r a p h i c s t r u c t u r e i n 2 0 2 5 reveals m a r k e d changes. 
T h r e e s i g n i f i c a n t t r e n d s are i n d i c a t e d : 
1 ) A m u c h s m a l l e r p r o p o r t i o n o f i n f a n t s a n d c h i l d r e n ( d u e t o a c o m b i n a t i o n 
o f l o w e r f e r t i l i t y r a t e a r i s ing f r o m h i g h H I V i n f e c t i o n rates a n d r e l a t e d 
i l lness i n t h e a d u l t p o p u l a t i o n a n d h i g h e r i n f a n t a n d c h i l d m o r t a l i t y r a t e 
d u e t o m o t h e r - t o - c h i l d t r a n s m i s s i o n ( M T C T ) o f H I V ) . 
2 ) A m a j o r i t y o f " y o u t h " i n t h e p o p u l a t i o n ( d u e t o m a r k e d l y h i g h e r d e a t h 
rates f r o m A I D S i n a d u l t s ) . 
3 ) A s m a l l b u t s i gn i f i c an t i m b a l a n c e b e t w e e n a d u l t m e n a n d w o m e n ( d u e t o 
w o m e n b e i n g m o r e s u s c e p t i b l e t o H I V i n f e c t i o n t h a n m e n ) . 
W i t h r ega rd t o t h e last p o i n t above , a c o m b i n a t i o n o f f ac to r s m a k e s 
w o m e n , general ly , m o r e v u l n e r a b l e t h a n m e n . M a n y socia l a n d c u l t u r a l 
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prac t i ces t h a t c o n t r i b u t e t o t h e sp read o f H I V / A I D S a f fec t w o m e n i n 
p a r t i c u l a r . W o m e n are o f t e n e c o n o m i c a l l y d e p e n d e n t o n m e n f o r su rv iva l a n d 
s o t h e y are less able t o m a k e dec is ions i n d e p e n d e n t l y a b o u t h o w t o p r o t e c t 
t h e m s e l v e s ( H e i s e e t a l . 1 9 9 4 ) . F u r t h e r m o r e w o m e n are b i o l o g i c a l l y m o r e 
suscep t ib l e t h a n m e n t o i n f e c t i o n [ W h i t e s i d e a n d S u n t e r 2 0 0 0 : 1 0 - 1 2 ; B a r n e t t 
a n d W h i t e s i d e 2 0 0 2 : 8 5 ) . W e have d r a w n o u t t h e p o t e n t i a l changes t o a 
c o u n t r y ' s d e m o g r a p h y and , i n p a r t i c u l a r , t h e s u s c e p t i b i l i t y a n d v u l n e r a b i l i t y o f 
w o m e n because, a s w e discuss later , t h e y bear d i r e c t l y o n t h e I C R I S A T ' s 
c o n s i d e r a t i o n o f i t s c u r r e n t a n d f u t u r e agendas. 
For n o w , d e m o g r a p h i c p r o j e c t i o n s o f t h e so r t i n F igu re 3 r e q u i r e s o m e 
q u a l i f i c a t i o n . T h e i n t i m a t i o n t h a t t h e p o p u l a t i o n s o f c o u n t r i e s w i l l b e s m a l l e r 
t h a n t h e y are n o w i s m i s l e a d i n g . T h e r e i s n o e v i d e n c e t o da t e t h a t t h e H I V / 
A I D S p a n d e m i c has r e d u c e d t h e size o f a n a t i o n a l p o p u l a t i o n . I n s t e a d , w h a t 
can b e i n f e r r e d i s t h a t n a t i o n a l p o p u l a t i o n s w i l l c o n t i n u e t o g row, b u t a t a 
s l o w e r r a t e a n d , t h e r e f o r e , t h e y w i l l be s m a l l e r t h a n w o u l d have b e e n t h e case 
i f t h e r e was n o H I V / A I D S . 
N o n e t h e l e s s , a s i m p l e fac t c a n n o t b e i g n o r e d : l i f e e x p e c t a n c y i n m a n y 
c o u n t r i e s c o u l d d r o p d ras t i ca l ly ; i n d e e d , i t i s t o b e e x p e c t e d i f o n e 
a c k n o w l e d g e s t h e m a n n e r i n w h i c h l i f e e x p e c t a n c y i s c a l c u l a t e d . C a l c u l a t i o n s 
i n e v i t a b l y g r o u p i n f a n t a n d c h i l d m o r t a l i t i e s w i t h t hose o f adu l t s . H o w e v e r , 
H I V / A I D S i n f e c t i o n s o c c u r la rge ly a n d i n i t i a l l y a m o n g s t t h e s exua l ly a n d 
e c o n o m i c a l l y ac t i ve p o p u l a t i o n ; t h a t i s a m o n g s t t h e y o u t h a n d y o u n g adu l t s , o f 
w h o m m a n y w i l l d i e o f A I D S b e f o r e r each ing o l d age ( F i g u r e 4 ) . 
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Figure 4 . Life expectancy in selected countr ies f o r 2 0 0 0 - 2 0 1 0 . 
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I n Figure 4 , w e have n o t focused solely o n S A T region count r i es f o r t w o 
reasons. Firs t , o u r purpose is to ind ica t e a general p a t t e r n fo r sub-Saharan A f r i c a as 
a w h o l e . Secondly, w e w i s h t o d r a w a t t e n t i o n again t o o u r c o n t e n t i o n a t t h e 
beg inn ing o f t h e paper t h a t a n H I V / A I D S e p i d e m i c can b e managed t o t h e e x t e n t 
o f revers ing earl ier p ro jec t ions . To m a k e th i s p o i n t we have i n c l u d e d T h a i l a n d a s 
i l l u s t r a t i o n . T h a i l a n d (as w e l l a s Uganda 's ) r e n o w n e d success i n con ta in ing H I V / 
A I D S i s a c k n o w l e d g e d t o b e d u e t o " p o l i t i c a l w i l l " ( H i c k e y 2 0 0 2 ) . 
T o s u m m a r i z e , w e have o u t l i n e d t h e p o t e n t i a l i m p a c t s o f H I V / A I D S o n 
t h e d e m o g r a p h y o f n a t i o n a l p o p u l a t i o n s i n A f r i c a . T h e r e w i l l b e w i d e 
v a r i a t i o n , e v e n w i t h i n t h e S A T r e g i o n , i n t h e d e m o g r a p h i c consequences o f 
t h e p a n d e m i c . N o n e t h e l e s s , t h e k e y p o i n t he re i s t h a t H I V / A I D S poses a 
s i g n i f i c a n t r i sk t o t h e h e a l t h a n d w e l f a r e o f A f r i c a ' s i n h a b i t a n t s . T h e genera l 
q u e s t i o n t h a t f o l l o w s i s h o w c o u l d t h e p a n d e m i c a f f ec t soc i e ty i n genera l . T h e 
spec i f i c q u e s t i o n is , h o w c o u l d t h e p a n d e m i c a f f ec t p a r t i c u l a r aspects o f 
s o c i e t y s u c h a s r u r a l l i v e l i h o o d s i n t h e S A T r e g i o n o f A f r i c a . W e address these 
q u e s t i o n s i n t h e n e x t s e c t i o n . 
Potential impacts on Afr ican farmers and 
fa rming systems 
A n a l y s e s o f s e ro -p reva lence surveys c o m m o n l y d r a w a t t e n t i o n t o t h e 
p r o b a b i l i t y o f i n f e c t i o n a m o n g s t d i f f e r e n t sec t ions o f a p o p u l a t i o n . For 
in s t ance , t h e r e su l t s o f t e n h i g h l i g h t t h a t ra tes o f H I V i n f e c t i o n are h ighes t 
a m o n g s t t h e 1 5 - 2 5 year o l d i n d i v i d u a l s a n d l o w e s t a m o n g s t p e o p l e o v e r t h e 
age o f 7 0 years . A n s w e r i n g t h e q u e s t i o n , w h y t h i s i s t h e case, leads t o 
assessment o f s u s c e p t i b i l i t y . S u s c e p t i b i l i t y re fe rs t o t h e p a r t i c u l a r 
c i r c u m s t a n c e s t h a t a f f ec t t h e chances o f a p e r s o n g e t t i n g i n f e c t e d ; f o r 
e x a m p l e , l i v i n g c o n d i t i o n s a n d l i f e s ty l e s . T h e va lue o f i n t r o d u c i n g t h e c o n c e p t 
o f s u s c e p t i b i l i t y i s t h a t i t h e lp s t o i d e n t i f y c o n d i t i o n s i n socie ty , behav io r , 
c u l t u r a l p r ac t i ce s , a t t i t u d e s a n d be l i e f s t h a t c o n t r i b u t e t o t h e sp read o f H I V / 
A I D S . H o w e v e r , assessments o f s u s c e p t i b i l i t y d o n o t , b y t h e m s e l v e s , a n s w e r 
ques t i ons a b o u t t h e i m p a c t s o f H I V / A I D S o n s o c i e t y o r p a r t i c u l a r f ea tu res o f 
i t . T o address i m p a c t s b e y o n d i n f e c t i o n o f p e o p l e , assessments o f t e n use t h e 
c o n c e p t o f v u l n e r a b i l i t y . V u l n e r a b i l i t y refers t o t h e e x t e n t t o w h i c h inc reased 
i l lness a n d d e a t h i n a p o p u l a t i o n w i l l adverse ly a f f ec t t h e social a n d e c o n o m i c 
f ab r i c o r segment s o f i t . D i s t i n g u i s h i n g b e t w e e n p r o b a b i l i t y , s u s c e p t i b i l i t y a n d 
v u l n e r a b i l i t y a l l o w s researchers t o e x p l o r e t h e v a r i e d i m p a c t s o f H I V / A I D S 
o n d i f f e r e n t aspects o f soc i e ty ( B a r n e t t a n d W h i t e s i d e 2 0 0 2 : 8 8 - 9 7 ) . 
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T h e p a n d e m i c i s t r a n s m i t t e d p r i m a r i l y b y h e t e r o s e x u a l i n t e r c o u r s e i n 
A f r i c a . I n genera l t h e p a t t e r n o f i n f e c t i o n i s t h a t m e n i n t h e i r m i d - t o l a te 30s 
f a l l i l l a n d d i e w h i l e m o r t a l i t y peaks ea r l i e r i n w o m e n . T h e i m p l i c a t i o n s o f t h i s 
f o r f a r m i n g i n t h e S A T r e g i o n w i l l d e p e n d o n t h e r e l a t i v e ro les o f m e n a n d 
w o m e n i n t h e p r o d u c t i o n process . F u r t h e r m o r e , a n i n f e c t e d w o m a n m a y 
t r a n s m i t H I V t o h e r c h i l d r e n d u r i n g p r e g n a n c y a t b i r t h o r t h r o u g h breas t -
f e e d i n g . 2 H o w e v e r , m u c h d e p e n d s o n t h e l i v i n g c o n d i t i o n s a n d l i f e s ty le s o f 
p e o p l e ( B r u m m e l h u i s a n d H e r d t 1 9 9 5 ) . 
I n v i e w o f t h e d e p e n d e n c e o f m a n y r u r a l f a r m h o u s e h o l d s u p o n o f f - f a r m 
sources o f i n c o m e , n o t a b l y occas iona l o r f r e q u e n t m i g r a n t w o r k b y a h u s b a n d , 
m o b i l e m e n are also suscep t ib l e t o i n f e c t i o n . I n s u m , m a n y o f t h e p r ecu r so r s 
f o r esca la t ing t r a n s m i s s i o n o f H I V ex i s t t h r o u g h o u t t h e S A T r e g i o n . H o w e v e r , 
i n t h e absence o f any d e t a i l e d da ta o n i n c i d e n c e a n d p reva l ence o f H I V / A I D S 
i n p a r t i c u l a r l oca l i t i e s , a n d r e c o g n i z i n g t h a t t h e r e i s l i k e l y t o b e w i d e v a r i a t i o n 
b e t w e e n loca l i t i e s ( d u e t o d i f f e r i n g s o c i o - e c o n o m i c c i r c u m s t a n c e s ) , a t t e n t i o n 
m u s t focus m o r e gene ra l ly o n t h e v u l n e r a b i l i t y o f f a r m h o u s e h o l d s i n t h e 
c o n t e x t o f a n H I V / A I D S e p i d e m i c . 
T h r o u g h o u t A f r i c a a n d n o t j u s t i n t h e S A T r e g i o n , t h e genera l p o v e r t y o f 
r u r a l c o m m u n i t i e s ensures t h a t m a n y f a r m h o u s e h o l d s are v u l n e r a b l e t o 
esca la t ion o f i l lness a n d d e a t h ( B o n d 1 9 9 8 , Egal a n d Va l s t e r 2 0 0 1 ) . O n c e a 
h u s b a n d o r w i f e or, i n d e e d , a b a b y i s i n f e c t e d , a n inc reas ing p r o p o r t i o n o f 
h o u s e h o l d resources i n e v i t a b l y ge t d i v e r t e d . T h e costs o f p r o v i d i n g care f o r 
t h e s ick can c o n s u m e l i m i t e d h o u s e h o l d cash i n c o m e s a n d reserves and , i n 
t h e i r absence, e n t a i l se l l ing o f assets i n o r d e r t o p r o v i d e care. R e d u c t i o n i n 
l a b o r p r o d u c t i v i t y d u e t o i l lness , o n t h e one h a n d , a n d p r o v i s i o n o f care, o n t h e 
o t h e r , can s t r a i n a h o u s e h o l d ' s c a p a c i t y t o p r o d u c e f o o d s t u f f a n d cash c rops . 
T h e n e e d t o r e -a l loca te h o u s e h o l d l a b o r can a f f ec t t h e r e a r i n g o f c h i l d r e n . For 
ins tance , c h i l d r e n , p a r t i c u l a r l y g i r l s , m a y b e w i t h d r a w n m o r e f r e q u e n t l y f r o m 
s c h o o l t o assist w i t h f a r m a c t i v i t i e s . T h e consequences ove r t i m e have b e e n 
u s e f u l l y p o r t r a y e d b y B a r n e t t a n d B l a i k i e ( 1 9 9 2 ) i n F igu re 5 . 
M o r e general ly , i l lness a n d d e a t h af fects t h e s u r r o u n d i n g c o m m u n i t y . For 
ins t ance , r e l i ance o n k i n i n t i m e s o f n e e d i s a l o n g s t a n d i n g social w e l f a r e 
m e c h a n i s m t h r o u g h o u t m u c h o f r u r a l A f r i c a . H o u s e h o l d s t h a t are n o t d i r e c t l y 
a f f e c t e d b y i l lness a n d d e a t h can i n c u r inc reas ing a n d subs t an t i ve d e m a n d s t o 
p r o v i d e assistance i n t h e f o r m o f cash a n d labor . 
1 3 5 
2. South African research suggests that there is a 30% probability of mother-to-child transmission 
(MTCT) if there is no intervention. Intervention in the form of anti-retroviral drugs has been shown to 
reduce MTCT by 50% (Skordis and Nattrass 2001). 
Figure 5 . T h e i m p a c t o f illness a n d d e a t h on c r o p p i n g p a t t e r n s in rura l 
U g a n d a , 1 9 8 9 . 
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A t t h i s p o i n t , i t i s i m p o r t a n t t o n o t e t h a t peop le ' s responses t o H I V / 
A I D S m a y reso lve s o m e i m m e d i a t e s o c i o - e c o n o m i c e f fec t s , b u t w i t h f u r t h e r 
p o t e n t i a l l y d e t r i m e n t a l consequences o n o t h e r s . For ins tance , i n one l o c a l i t y i n 
Z i m b a b w e , t h e r e i s e v i d e n c e t h a t o rphans are b e i n g b r o u g h t i n t o h o u s e h o l d s 
t o b e d e p l o y e d a s h e r d boys ( J A l u m i r a , pe r sona l c o m m u n i c a t i o n ) . 3 T h a t m a y 
b e a p p r o p r i a t e f r o m t h e pe r spec t ive o f t h e c o m m u n i t y , b u t i t also means 
d i m i n i s h e d e d u c a t i o n o p p o r t u n i t y fo r these boys w h o are a p a r t i c u l a r l y 
v u l n e r a b l e segment o f t h e p o p u l a t i o n . I n a d i f f e r e n t v e i n , i f a n e p i d e m i c spreads 
w i d e l y t h r o u g h o u t a loca l i ty , househo lds t h a t are p r o v i d i n g s u p p o r t t o t h e 
househo lds o f i n f e c t e d k i n m a y themse lves b e c o m e v u l n e r a b l e i n t h e sense o f 
b e i n g f o r c e d t o disperse l i m i t e d resources o n w h i c h t h e i r o w n m e m b e r s d e p e n d . 
I n s u m , t h e impac t s o f H I V / A I D S can b e m a n y and var ied . A f r i c a n f a r m 
households general ly are vu lne rab le to increased p o v e r t y a n d distress because o f 
t h e i r l i m i t e d resources. W e suggest, f u r t h e r m o r e , t h a t f a r m households i n semi -
a r i d areas are pa r t i cu l a r ly vu lnerab le because e n v i r o n m e n t a l cond i t i ons already 
s t r e t c h t h e capaci ty a n d capabi l i t ies o f farmers . For example , w h e r e t he r e i s a h i g h 
d e m a n d fo r labor a t k e y t i m e s o f t h e year a n d i f a person o r f a m i l y i s unable to 
s u p p l y t h a t labor, t h e n an e n t i r e year 's p r o d u c t i o n can be los t . T h i s i s pa r t i cu l a r ly 
t h e case w h e r e ra infa l l comes in a concen t r a t ed 6 - w e e k spell (Barne t t a n d 
W h i t e s i d e 2 0 0 2 : 2 3 0 ) . T h e range o f p o t e n t i a l effects o f H I V / A I D S o n f a r m 
households c o u p l e d w i t h responses t o i t are s u m m a r i z e d i n Figure 6 . 
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Figure 6 . Effects o f HIV/AIDS on rural h o u s e h o l d e c o n o m y . 
3. Jane Alumira, ICRISAT, Matopos Research Station, Bulawayo, Zimbabwe. 
1 3 7 
A r e c u r r i n g t h e m e in discussions o f th i s na tu re i s t h e ro le o f o f f - f a r m 
e m p l o y m e n t a n d i n c o m e . S i m p l y p u t , a p o t e n t i a l o u t c o m e o f t h e escalation o f 
H I V / A I D S i n ru ra l c o m m u n i t i e s i s m o r e m i g r a t i o n o f peop le t o u r b a n areas, 
e i t he r t e m p o r a r i l y ( t o o b t a i n a d d i t i o n a l i n c o m e ) o r p e r m a n e n t l y ( f o l l o w i n g 
collapse o f t h e r u r a l household ' s capaci ty t o sustain ag r i cu l tu ra l p r o d u c t i o n ) . T h e 
degree t o w h i c h H I V / A I D S con t r i bu t e s t o u r b a n m i g r a t i o n i s debatable (Douglas 
e t a l . 2 0 0 1 ) , as i s t h e p o t e n t i a l f o r u r b a n indus t r ies to p r o v i d e e m p l o y m e n t as t h e 
p a n d e m i c dec imates w o r k f o r c e s (Barne t t a n d W h i t e s i d e 2 0 0 2 : 2 4 2 - 2 7 0 ) . 
Nonethe less , t h e p o t e n t i a l f o r H I V / A I D S t o affect t h e e c o n o m i c i n t e r - r e l a t i on 
b e t w e e n f a r m p r o d u c t i o n a n d o f f - f a r m i n c o m e cannot b e ignored . W e h i g h l i g h t 
t h i s p o i n t , even t h o u g h we recognize t h a t t h e r e i s a s y e t v e r y l i t t l e i n f o r m a t i o n o r 
i n d i c a t i o n o f clear t r ends (cf: Barne t and H a s l w i m m e r 1 9 9 3 ) . 
T o summar i ze , H I V / A I D S threa tens t h e exis tence o f m a n y ru ra l A f r i c a n 
se t t l ements , le t alone local f a r m i n g systems. Equally, however , any assessment o f 
t h e i m p a c t s o f t h e p a n d e m i c cannot ignore t h e fact t h a t peop le w i l l and d o 
r e spond w i t h f u r t h e r effects o n t h e f o r m and c o n t e n t o f f a r m i n g . I n A f r i c a , t h e 
t r a d i t i o n a l social w e l f a r e m e c h a n i s m of e x t e n d e d f a m i l y s u p p o r t i s emerg ing as a 
k e y factor. A l t h o u g h a large-scale e p i d e m i c in a coun t ry , as seen in Uganda , m a y 
e f fec t ive ly des t roy t h a t "safety ne t " i n m a n y local i t ies , i t r emains fo r t h e m a j o r i t y 
o f r u r a l residents t h e p r i n c i p a l means t o cope w i t h H I V / A I D S . D a n M u l l i n s 
(personal c o m m u n i c a t i o n ) 4 has p o r t r a y e d t h e issue succ inc t ly (F igure 7 ) . 
Figure 7 . Ef fect o f H IV on h o u s e h o l d security. 
4. Dan Mullins, Oxfam Regional Office, Pretoria, South Africa. 
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A n H I V / A I D S e p i d e m i c i n a r u r a l area i s l i k e l y t o r e s u l t i n t h e 
d i sappearance o f s o m e househo lds ; o t h e r s are l i k e l y t o b e severe ly s t ressed y e t 
s u r v i v e . Ye t , i t i s also poss ib le t h a t n e w f o r m s o f h o u s e h o l d s m a y e m e r g e . 
Implications for agricultural research 
programs 
T h e r e are t h r e e t h e m e s t h a t w e d r a w f r o m t h e p r e c e d i n g t e x t t o g u i d e 
d i scuss ion o n h o w a g r i c u l t u r a l research p r o g r a m s m i g h t r e s p o n d t o t h e H I V / 
A I D S p a n d e m i c i n A f r i c a . T h e s e are: 
a ) T h e p a n d e m i c can b e m a n a g e d a n d c o n t a i n e d . 
b ) A f r i c a n f a r m househo lds , i r r e s p e c t i v e o f l o c a t i o n a n d s i t u a t i o n , d o a n d 
w i l l r e s p o n d t o t h e p a n d e m i c i n w a y s t h a t m o d i f y ( t o a grea te r o r lesser 
e x t e n t ) t h e e x i s t i n g f a r m i n g s y s t e m . 
c ) T h e i m p a c t s o f H I V / A I D S are w i d e - r a n g i n g a n d v a r i e d , w i t h n o t i c e a b l e 
e f fec t s o n p a r t i c u l a r segment s o f a p o p u l a t i o n . 
T h e s e t h e m e s suggest t h r e e i m m e d i a t e q u e s t i o n s f o r a g r i c u l t u r a l 
research p r o g r a m s : 
1 ) W h a t are t h e i r poss ib le c o n t r i b u t i o n s t o m a n a g e m e n t o f t h e p a n d e m i c ? 
2 ) W h a t h o u s e h o l d response fac to rs s h o u l d b e c o n s i d e r e d i n t h e des ign o f 
p ro j ec t s , i n o r d e r t o ensure t h a t p r o j e c t s p r o v i d e a p p r o p r i a t e s u p p o r t t o 
f a r m househo lds? 
3 ) C a n p r o g r a m s b e d e s i g n e d i n w a y s t h a t serve a range o f agendas, n o t a b l y 
a g r i c u l t u r a l r e s e a r c h / p r o d u c t i v i t y agendas a n d b r o a d e r socia l h e a l t h a n d 
w e l f a r e s u p p o r t i n r e l a t i o n t o H I V / A I D S ? 
W i t h r e g a r d t o t h e f i r s t q u e s t i o n , a n a p p r o p r i a t e a n s w e r r e q u i r e s a n 
u n d e r s t a n d i n g o f b r o a d e r agendas t h a t are shap ing n a t i o n a l a n d r e g i o n a l 
responses t o t h e p a n d e m i c . W e r e f e r h e r e t o t h e i m p e t u s g l o b a l l y a n d w i t h i n 
c o u n t r i e s f o r a " m u l t i - s e c t o r a l " response t o t h e p a n d e m i c ( F i g u r e 8 ) . H I V / 
A I D S was i n i t i a l l y c o n c e i v e d a s a " h e a l t h issue", a n d responses w e r e d r i v e n by 
m e d i c a l sc ience . H o w e v e r , i n t h e l i g h t o f d i f f i c u l t i e s i n f i n d i n g e f f e c t i v e 
m e d i c a l t h e r a p i e s a n d t h e w i d e - r a n g i n g s o c i o - e c o n o m i c e f fec t s o f H I V / A I D S , 
t h e p a n d e m i c soon c a m e to be a c k n o w l e d g e d as a "social issue" as m u c h as a 
" h e a l t h issue". I n i t i a l l y , p r o g r a m s i n t h i s v e i n w e r e d r i v e n b y e f f o r t s t o p r e v e n t 
t h e sp read o f H I V / A I D S g i v e n t h a t m e d i c a l sc ience was u n a b l e t o c o n t r o l t h e 
p a n d e m i c ; t h u s t h e emphas i s o n chang ing peop le ' s a t t i t u d e s t o t h e p a n d e m i c 
a n d sexua l b e h a v i o r . 
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F i g u r e 8 . H I V / A I D S - A h e a l t h a n d a s o c i a l i s s u e . 
A s t h e p a n d e m i c u n f o l d e d , i t b e c a m e a p p a r e n t t h a t H I V / A I D S i n f e c t e d , 
a n d a f f e c t e d , d i f f e r e n t segment s o f p o p u l a t i o n s i n c o m p l e x a n d d i f f e r e n t 
w a y s . Se ro -p reva l ence a n d o t h e r surveys s h o w e d t h a t t h e r e w e r e d i s c e r n i b l e 
p a t t e r n s o f v a r i a t i o n i n t h e sp read o f H I V / A I D S , a n d i n i t s b i o p h y s i c a l a n d 
s o c i o - e c o n o m i c e f fec t s o n i n d i v i d u a l s , c o m m u n i t i e s a n d o rgan iza t ions . 
C o n s e q u e n t l y , t h a t v a r i a t i o n was addressed i n t e r m s o f s u s c e p t i b i l i t y a n d 
v u l n e r a b i l i t y t o h i g h l i g h t s o c i o - e c o n o m i c d e t e r m i n a n t s o f t h e p a n d e m i c . 
A c c o r d i n g l y , responses e m e r g e d t h a t s o u g h t t o m i t i g a t e t h e v a r i e d e f fec t s o f 
t h e p a n d e m i c b y c h a n g i n g t h e socia l e n v i r o n m e n t . For ins tance , fears i n m o s t 
c o u n t r i e s a b o u t t h e dangers o f i s o l a t i n g H I V p o s i t i v e i n d i v i d u a l s , a n d 
a c k n o w l e d g e m e n t t h a t t h e y c o u l d l i v e p r o d u c t i v e l y f o r m a n y years, i n s p i r e d 
legal r e f o r m a n d l e g i s l a t i o n t o p r o t e c t p e o p l e l i v i n g w i t h H I V / A I D S . E q u a l l y 
t h e scale a n d scope o f p o v e r t y across t h e A f r i c a n c o n t i n e n t has b e e n d r a w n 
i n t o p u b l i c d e b a t e a s a s i gn i f i c an t d e t e r m i n a n t o f t h e p a n d e m i c . 
T h e s e d e v e l o p m e n t s i n d i c a t e h o w t h e d e m a n d f o r a m u l t i - s e c t o r a l 
response has e m e r g e d i n t e r n a t i o n a l l y . T h i s i s n o t t o say t h a t t h e response i s 
w e l l d e f i n e d a n d i m p l e m e n t e d i n a l l q u a r t e r s o f t h e w o r l d . Research a n d 
i n t e r v e n t i o n i n t o t h e b i o m e d i c a l aspects o f H I V / A I D S i s w e l l d e f i n e d . T h e r e 
are gaps i n m e d i c a l s c i e n t i f i c k n o w l e d g e , b u t t h e genera l a n d spec i f i c 
p r o b l e m s a n d issues have b e e n e s t ab l i shed . Fo r ins t ance , t h e r e i s f u n d i n g t o 
s u p p o r t a range o f v a c c i n e research p r o j e c t s ; H I V t r a n s m i s s i o n v i a b l o o d 
t r a n s f u s i o n i s l a rge ly c o n t r o l l e d ; a n d t h e r e has b e e n c o n s i d e r a b l e progress i n 
p r e v e n t i n g M T C T . H o w e v e r , i n i t i a t i v e s t o address t h e s o c i o - e c o n o m i c 
d e t e r m i n a n t s o f t h e p a n d e m i c are s t i l l b e i n g d e b a t e d a n d f o r m u l a t e d . For 
ins tance , t h e n e e d f o r c o o r d i n a t e d , c o o p e r a t i v e i n t e r v e n t i o n s b e t w e e n m a n y 
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agencies a n d o rgan iza t ions has b e e n a c k n o w l e d g e d , a n d t h i s i s r e f l e c t e d i n 
A f r i c a b y t h e g r o w i n g n u m b e r o f n a t i o n a l H I V / A I D S s t ra teg ic p lans a n d 
r eg iona l s t ra tegic f r a m e w o r k s ( B j o r k m a n 2 0 0 1 ; C o m m o n w e a l t h 2 0 0 1 ; 
I n t e r n a t i o n a l H I V / A I D S A l l i a n c e 2 0 0 1 ; S t o v e r a n d J o h n s o n 1 9 9 9 ; W H O 
2 0 0 1 ) . 5 T h e re levance o f these d e v e l o p m e n t s i s t h a t t h e y i n d i c a t e issues, 
t h e m e s a n d approaches f o r a g r i c u l t u r a l research p r o g r a m s t o cons ide r . 
N o n e t h e l e s s , these f r a m e w o r k s a lone are i n a d e q u a t e f o r t h e y d o n o t 
necessar i ly resonate w i t h t h e ac tua l c i r c u m s t a n c e s a n d p r o b l e m s e x t a n t i n 
r u r a l l oca l i t i e s . I n o t h e r w o r d s , these f r a m e w o r k s p r o v i d e a c o n c e p t u a l basis, 
b u t a c tua l responses n e e d t o b e f o r m u l a t e d i n r e l a t i o n t o t h e w o r k o f p r o g r a m s 
o n t h e g r o u n d i n r u r a l areas. 
W i t h r e g a r d t o c o n s i d e r a t i o n o f w h a t w o u l d b e a p p r o p r i a t e s u p p o r t t o 
f a r m househo lds , l o c a l l e v e l research w o u l d be , o f course , essent ia l . 
N o n e t h e l e s s , t h e r e are genera l t r e n d s t h a t m e r i t a t t e n t i o n d e p e n d i n g o n t h e 
l o c a l i t y i n w h i c h research i s c o n d u c t e d . W e p r o v i d e t h r e e i l l u s t r a t i o n s . 
F i r s t ly , w e have h i g h l i g h t e d t h e poss ib le r ecourse o f r u r a l r e s iden t s t o t h e 
"safety n e t " o f t h e e x t e n d e d f a m i l y , c o u p l e d w i t h t h e d e m i s e o f h o u s e h o l d s 
a n d e m e r g e n c e o f n e w f o r m s o f househo lds . A r e v i v a l o f " t r a d i t i o n a l " social 
n o r m s c o u p l e d w i t h i n n o v a t i o n i n socia l o r g a n i z a t i o n m a y cha l lenge t h e 
p r e m i s e s o f a g r i c u l t u r a l p r o j e c t s . 
Secondly , w e have i n d i c a t e d t h a t w o m e n are m o r e suscep t ib l e t h a n m e n 
t o H I V i n f e c t i o n a n d t h a t w o m e n i n r u r a l s e t t l e m e n t s m a y b e p a r t i c u l a r l y 
v u l n e r a b l e t o t h e s o c i o - e c o n o m i c consequences o f H I V / A I D S e p i d e m i c s . 
N o t a b l y , t h e y are v u l n e r a b l e i n t h e sense o f c a r r y i n g t h e b u r d e n o f care f o r s ick 
a n d d y i n g m e m b e r s o f a f a m i l y a s w e l l a s m a i n t a i n i n g f a r m i n g a c t i v i t i e s , 
p a r t i c u l a r l y i f t h e n a t i o n a l g o v e r n m e n t a t t e m p t s t o d e f r a y t h e costs o f H I V / 
A I D S care o n t o c i t i zens b y p r o m o t i n g h o m e - b a s e d care . F u r t h e r m o r e , t h e y 
m a y b e v u l n e r a b l e i n t h e sense o f b e i n g l e f t d e s t i t u t e w i t h o u t s u p p o r t i f 
husbands a n d c h i l d r e n s u c c u m b t o t h e A I D S i n s t r o n g l y p a t r i a r c h a l 
c o m m u n i t i e s . G e n d e r , i n sho r t , i s a p e r t i n e n t f a c t o r i n t h e c o n t e x t o f 
a g r i c u l t u r a l research a n d d e v e l o p m e n t p r o g r a m s t h a t seek t o e m p o w e r 
w o m e n o r focus o n t h e m t o b e f a r m e r s . S u c h i n t e r v e n t i o n s m a y b e w e l l 
5. Some African countries have established national AIDS commissions or councils within government to 
co-ordinate interventions. There are regionally oriented initiatives such as the International Partnership 
against AIDS in Africa (IPAA) which seeks to co-ordinate HIV/AIDS management initiatives in a 
number of East and West African countries, and is intending to do the same in some southern African 
countries. 
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i n t e n d e d , b u t t h e c a p a c i t y o f w o m e n f a r m e r s t o sus ta in t h e i r i n v o l v e m e n t i n 
a g r i c u l t u r a l p r o j e c t s m a y b e d i m i n i s h e d s i g n i f i c a n t l y b y H I V / A I D S . 
T h i r d l y , t h e r e l a t i o n s h i p b e t w e e n t h e sp read o f H I V / A I D S t h r o u g h o u t a 
l o c a l i t y o n t h e o n e h a n d a n d , o n t h e o t h e r , o f r u r a l - u r b a n m i g r a t i o n a n d 
r e l i ance u p o n o f f - f a r m w o r k a n d i n c o m e s t o s u p p o r t t h e r u r a l h o m e , c a n n o t 
b e i g n o r e d . M i g r a t i o n a n d o f f - f a r m ac t i v i t i e s are a c o m m o n e c o n o m i c t r e n d 
t h r o u g h o u t m u c h o f A f r i c a . H I V / A I D S i s p o t e n t i a l l y a f a c t o r t h a t c an 
exace rba t e t h a t t r e n d , i n d e e d , t h r e a t e n t h e o f f - f a r m e c o n o m i c basis f o r 
s m a l l h o l d e r a g r i c u l t u r e . Fo r ins tance , t h e r e m a y b e i nc reased r e l i ance o f r u r a l 
h o u s e h o l d s u p o n m i g r a n t / u r b a n w o r k f o r i n c o m e a s t h e i r c a p a c i t y t o g r o w 
f o o d a n d e a r n i n c o m e s f r o m f a r m i n g i s d i m i n i s h e d b y shortages o f l abor . 
A l t e r n a t i v e l y , s ickness a n d d e a t h o f a h o u s e h o l d m e m b e r w h o sends cash 
r e m i t t a n c e s t o t h e r u r a l h o m e m a y t h r e a t e n t h e v i a b i l i t y o f t h e r u r a l 
h o u s e h o l d t o t h e p o i n t t h a t i t r e loca tes i t s e l f t o u r b a n areas i n o r d e r t o s u r v i v e 
o r dissolves ( w i t h m e m b e r s s u c h a s c h i l d r e n b e i n g sent t o l i v e w i t h va r ious 
r e l a t ives ) a n d b e c o m e s p a r t o f o n e o r m o r e o t h e r h o u s e h o l d s . 
C o n s i d e r a t i o n o f l o c a l - l e v e l f ac to r s i n r e l a t i o n t o n a t i o n a l a n d r e g i o n a l 
s t ra teg ic H I V / A I D S p lans m u s t also t a k e i n t o a c c o u n t c r o s s - c u t t i n g 
d e v e l o p m e n t f r a m e w o r k s t h a t are g u i d i n g m a n y l o c a l l e v e l i n t e r v e n t i o n s i n 
r u r a l sub-Saharan A f r i c a . W e r e f e r he re t o b r o a d g e o - p o l i t i c a l agendas s u c h a s 
t h e c o n t i n u i n g q u e s t f o r "susta inable d e v e l o p m e n t " a n d i m p r o v e m e n t o f 
d e m o c r a c y a n d gove rnance i n A f r i c a . T h e sus ta inable d e v e l o p m e n t e t h o s 
u n d e r t h e r u b r i c o f "sus ta inable l i v e l i h o o d s " , f o r e x a m p l e , d r i v e s a m u l t i t u d e 
o f n a t u r a l r e sou rce m a n a g e m e n t a n d l o c a l e c o n o m i c d e v e l o p m e n t i n i t i a t i v e s 
i n A f r i c a . O u r p o i n t i s n o t t o g o i n t o these p r o g r a m s i n d e t a i l , b u t t o i n d i c a t e 
t h a t w h y t h e y are p e r t i n e n t f ac to r s i n any c o n s i d e r a t i o n o f h o w t h e des ign a n d 
i m p l e m e n t a t i o n o f a g r i c u l t u r a l research p r o g r a m s c o u l d b e g i n t o f r a m e t h e i r 
c o n t r i b u t i o n t o a m u l t i - s e c t o r a l response t o H I V / A I D S . 
I n t h e f i r s t i n s t ance , "sus ta inable l i v e l i h o o d s " p r o g r a m s a n d " i n t e g r a t e d 
n a t u r a l r e sou rce m a n a g e m e n t " p r o g r a m s o v e r l a p w i t h a g r i c u l t u r a l research 
a n d d e v e l o p m e n t p r o g r a m s because, i n o n e f o r m o r ano the r , t h e y seek t o 
a n s w e r t w o k e y ques t i ons : 
1 ) W h a t so r t o f l i v e l i h o o d (s) i s /a re feas ible i n a l o c a l i t y i n a p a r t i c u l a r set o f 
c i r c u m s t a n c e s ? 
2 ) W h a t so r t o f l i v e l i h o o d (s) w i l l c o n t r i b u t e t o i m p r o v e m e n t o f t h e q u a l i t y o f 
l i f e i n , a n d c o n d i t i o n of, a n e n v i r o n m e n t o v e r t i m e ? 
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A d m i t t e d l y , a research p r o g r a m m e d t h a t focuses o n t e c h n o l o g i c a l 
i n n o v a t i o n s is n o t necessar i ly as f o c u s e d as a d e v e l o p m e n t - o r i e n t e d 
p r o g r a m m e d i s o n t h e a p p l i c a t i o n o f ( a p p r o p r i a t e ) t e c h n o l o g y i n a p a r t i c u l a r 
c o n t e x t . T h e p o i n t is, h o w e v e r , t h a t d i f f e r e n t p r o g r a m s seek a genera l 
c o m m o n goal even t h o u g h t h e y m a y c o n t r i b u t e d i f f e r e n t i n p u t s . Second ly , 
H I V / A I D S i s i n e v i t a b l y a k e y c o n s i d e r a t i o n i n m a n y d e v e l o p m e n t - o r i e n t a t e d 
p r o g r a m s i n A f r i c a , because o f t h e p a n d e m i c ' s p r o f o u n d socia l a n d e c o n o m i c 
i m p l i c a t i o n s . T h i s i s n o t t o say t h a t H I V / A I D S i s t h e o n l y s i gn i f i c an t h e a l t h 
va r i ab le ; m a l a r i a , cho l e r a a n d o t h e r h e a l t h f ac to r s m a y b e m o r e i m p o r t a n t i n 
c e r t a i n c i r c u m s t a n c e s . H o w e v e r , e v e n i n c i r c u m s t a n c e s w h e r e H I V / A I D S i s 
n o t a p r e d o m i n a n t h e a l t h fac to r , t h e t h r e a t t h a t i t c o u l d b e c o m e s o en ta i l s d u e 
c o n s i d e r a t i o n . T h e s e p o i n t s i n f e r t h a t o rgan iza t ions such a s I C R I S A T n e e d t o 
b e g i n a process o f r e f l e c t i o n t h a t covers a w i d e range o f t h e m e s a n d issues. 
T h e p r o s p e c t m a y appear t o b e d a u n t i n g , b u t t h e r e are e s t ab l i shed p a r a m e t e r s 
a n d g u i d e l i n e s . 
For ins tance , a n u n d e r l y i n g i m p e r a t i v e o f t h e va r ious i n t e r n a t i o n a l 
d e v e l o p m e n t agendas i s t h a t o rgan iza t ions s h o u l d a d o p t an a d a p t i v e 
o p e r a t i o n a l a n d m a n a g e m e n t f r a m e w o r k . W e use t h e t e r m " a d a p t i v e " i n 
c o n t r a s t t o t r a d i t i o n a l m a n a g e m e n t t e c h n i q u e s . T h e log ic o f t h e t r a d i t i o n a l 
m a n a g e m e n t i s t h a t p a t t e r n s a n d t r e n d s i n a n e c o n o m y can b e p r e d i c t e d 
a c c u r a t e l y e n o u g h t o p e r m i t managers t o f o r m u l a t e m e d i u m t e r m s plans w i t h 
a p p r o p r i a t e i n t e r v e n t i o n s , a n d adhe re t o t h e m . A t t h e r i s k o f c a r i c a t u r e , 
o r t h o d o x m a n a g e m e n t t e n d s t o v i e w changes t o p lans , i n response t o e r r o r s i n 
p r e d i c t i o n s , as a weakness of m a n a g e m e n t . C o n s e q u e n t l y , managers are 
d i r e c t e d t o s t i ck t o p r e s c r i b e d p lans r a t h e r t h a n q u e s t i o n w h e t h e r t h e 
m a n a g e m e n t a p p r o a c h i t s e l f m a y b e w r o n g i n t h e c i r c u m s t a n c e s . I n con t r a s t , 
a n a d a p t i v e m a n a g e m e n t a p p r o a c h emphas izes t h e i m p o r t a n c e o f 
m a n a g e m e n t a d a p t i n g i t s ac t ions a n d responses i n o r d e r t o p r o c e e d 
i n c r e m e n t a l l y t o w a r d s a goal , a n d i n t h e l i g h t o f chang ing c i r c u m s t a n c e s . T h e 
t o o l s r e q u i r e d are t hose t h a t enab le m a n a g e m e n t t o m o n i t o r i n d i c a t o r s o f 
change a n d p rogres s ion , a n d regu la r c r e a t i o n o f poss ib le scenarios f o l l o w i n g 
s p e c i f i e d i n t e r v e n t i o n s . 
T h e r a t i ona l e f o r " adap t i ve m a n a g e m e n t " s t ems f r o m a c o m m o n t h e m e 
o f m a n y c u r r e n t g l o b a l agendas: t o c o u n t e r p a r t i c u l a r socia l , e c o n o m i c a n d 
p o l i t i c a l p a t t e r n s a n d t r e n d s , a n d t o d e f i n e a l t e r n a t i v e l o n g - t e r m goals. T h e s e 
i n c l u d e , f o r e x a m p l e , p r o m o t i n g d e m o c r a t i c gove rnance ( i n c o u n t r i e s t h a t d o 
a n d d o n o t have a r e c o r d i n t h i s v e i n ) ; e n c o u r a g i n g e n v i r o n m e n t a l l y sens i t ive 
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e c o n o m i c a c t i v i t i e s (a t r o o t , d o i n g " d e v e l o p m e n t " d i f f e r e n t l y f r o m h o w i t was 
c o n c e i v e d a n d d o n e i n t h e pas t ) ; a n d s e t t i n g u n i f o r m t r a d e a n d c o m m o d i t y 
s t andards a s a n a l t e r n a t i v e t o t a r i f f ba r r i e r s . F u r t h e r m o r e , t h e r e i s 
c o n s i d e r a b l e l e e w a y a s t o h o w these goals are t o b e a c h i e v e d . T h e emphas i s i s 
o n i n c r e m e n t a l d e v e l o p m e n t : i n n o v a t i o n , d i r e c t r e f e r ence t o t h e c o n t e x t i n 
w h i c h a n i n i t i a t i v e i s i m p l e m e n t e d , a n d r e v i s i o n o f p r o j e c t s a n d p r o g r a m s a s 
progress i s m a d e a n d as c o n d i t i o n s change. 
T h i s a p p r o a c h resonates w i t h c o n c e r n a b o u t t h e H I V / A I D S p a n d e m i c 
because t h e d iverse ef fec ts o f t h e l a t t e r are v e r y d i f f i c u l t t o p r e d i c t accurate ly ; 
i n n o v a t i v e i n t e r v e n t i o n s are necessary to p r e v e n t i t s sp read as m u c h as to r e d u c e 
i t s i m p a c t s ; c o l l a b o r a t i o n a n d c o o r d i n a t i o n o f d i f f e r e n t agencies i s r e q u i r e d i n 
m a n y instances; a n d t h e plans a n d p rocedures m u s t b e rev ised , even s u p p l a n t e d , 
a s success i n p a r t i c u l a r qua r t e r s i s a ch i eved o r i f u n a n t i c i p a t e d i m p a c t s occur . 
T h e p o t e n t i a l f o r u n d i r e c t e d , i l l - d e f i n e d changes t o m a n a g e m e n t p lans i s 
c o n t a i n e d by a f r a m e w o r k f o r i n t e r v e n t i o n t h a t has b e e n d e v e l o p e d , i n d e e d , i s 
s t i l l b e i n g e l a b o r a t e d , b y e n v i r o n m e n t a l m a n a g e m e n t agencies. W e re fe r he re 
t o w h a t i s o f t e n c i t e d a s " i n t e g r a t e d " s t ra teg ic p l a n n i n g a n d m a n a g e m e n t . T h e 
log ic o f t h i s f r a m e w o r k i s p r e s e n t e d i n s c h e m a t i c f o r m i n F igu re 9 . I t d r a w s 
Figure 9 . I n t e g r a t e d s t ra teg ic p l a n n i n g . 
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IMPACT A S S E S S M E N T 
(Research) 
I N T E R V E N T I O N 
(e.g. PR; moni tor ing - der ive f rom approach;) 
React ive Creat ive 
STRATEGIC P L A N S INTEGRATED STRATEGIC PLANS 
'Mult i sectoral 
Response ' 
Work out how to ach ieve v is ion: 
def ine object ives; pool resources 
col laborat ion = ' integrat ion' 
H O W ? T O W H A T E N D ? V IS ION 
RETHINK A P P R O A C H 
Theory ; Methodo logy ; Crit ical th ink ing; Values/Phi losophy 
u p o n t h e h i s t o r y o f i n n o v a t i o n i n response t o a c o n c e r n t h a t was a s large 3 0 
years ago as H I V / A I D S i s t o d a y ; name ly , e n v i r o n m e n t a l d e g r a d a t i o n . T h e n , a s 
n o w i n H I V / A I D S research, t h e emphas i s was a d o i n g " i m p a c t assessments", 
t o f i n d o u t t h e n a t u r e , scope a n d m a g n i t u d e o f t h e p r o b l e m . 
I m p a c t assessments w e r e l a rge ly a r e ac t i ve response to a p e r c e i v e d 
p r o b l e m , a n d t h e i r p u r p o s e was t o p r o v i d e i n f o r m a t i o n t h a t w o u l d i n f o r m t h e 
des ign o f p lans t o reso lve t h e p r o b l e m . I m p a c t assessments have p r o v e d u se fu l 
f o r i n d i c a t i n g poss ib le responses t o a p r o b l e m a t t h e l e v e l o f a p r o j e c t . Equa l ly , 
h o w e v e r , t h e r e c o m m e n d a t i o n s t h a t f l o w f r o m t h e m i n v a r i a b l y h i g h l i g h t t h e 
f ac t t h a t t h e issues b e i n g c o n f r o n t e d a t a p r o j e c t o r l o c a l l eve l are s i m p l y a 
m a n i f e s t a t i o n o f a m u c h la rger p r o b l e m t h a t i s a c t u a l l y t o b i g f o r a s ingle 
agency, to reso lve . C o n s e q u e n t l y , t h e r e i s d e m a n d f o r a " m u l t i - s e c t o r a l " 
response - c o o r d i n a t e d a c t i o n b y m a n y d i f f e r e n t agencies a t d i f f e r e n t levels o f 
socie ty . I t i s a t t h i s p o i n t t h a t H I V / A I D S researchers , l i k e e n v i r o n m e n t a l 
sc ient i s t s , have e n c o u n t e r e d t h e d i f f i c u l t y o f harness ing a w i d e range o f sk i l l s 
a n d resources . A s m u c h a s t h e n e e d f o r a " m u l t i - s e c t o r a l " response m a y b e 
a c k n o w l e d g e d , i t also insp i res q u e s t i o n i n g a n d d e b a t e a b o u t h o w t o d o i t a n d 
t o w h a t e n d a s agencies a t t e m p t t o u n d e r s t a n d w h a t t h e y are b e i n g a sked t o 
d o , w h a t t h e y s h o u l d d o a n d w h y t h e y s h o u l d c o l l a b o r a t e w i t h o t h e r agencies. 
T h a t deba te , on a large scale, has i n s p i r e d subs t an t ive r e - t h i n k i n g , 
a m o n g s t sc ien t i s t s a n d p o l i c y m a k e r s , o f h o w t o organize research, p l a n n i n g 
a n d m a n a g e m e n t o f b i g p r o b l e m s s u c h a s H I V / A I D S a n d e n v i r o n m e n t a l 
d e g r a d a t i o n . T h e o u t c o m e has b e e n a b r o a d e r f r a m e w o r k r a t h e r t h a n an 
a l t e r n a t i v e . I t begins w i t h s t a t i ng a v i s i o n ; essential ly, a n idea o f w h a t t h e 
c o o r d i n a t e d e f f o r t s o f m a n y p e o p l e s h o u l d ach ieve , b e i t i m p r o v i n g t h e q u a l i t y 
o f l i f e / a n e n v i r o n m e n t o r e n s u r i n g care a n d s u p p o r t f o r c h i l d r e n o r p h a n e d b y 
H I V / A I D S . T h e v i s i o n s i m p l y s tar ts a process o f u n p a c k i n g i t s e l e m e n t s , 
w o r k i n g o u t manageab le ob jec t ives a n d t h e means t o ach ieve t h e m , a n d 
d e f i n i n g each i n i t i a t i v e i n r e l a t i o n t o t h e b r o a d e r a i m a n d t o o t h e r p r o j e c t s 
d i r e c t e d t o t h e same e n d . " I n t e g r a t i o n " i s c o m m o n l y t h e t e r m used t o de sc r ibe 
t h i s process ( h o l i s t i c b e i n g t h e m o r e p h i l o s o p h i c a l a n d i d e a l i s t i c 
r e p r e s e n t a t i o n ) . 
A s i s i n d i c a t e d i n F igu re 9 , t h e f o r m u l a t i o n o f i n t e g r a t e d s t ra teg ic p lans 
s u m m a r i z e s t h e s w i t c h i n a p p r o a c h , n o t a b l y f o r c o l l a b o r a t i o n b e t w e e n , a n d 
c o o r d i n a t i o n o f research , research, p l a n n i n g a n d m a n a g e m e n t agencies, t o 
serve p r a c t i c a l goals a n d a l o n g - t e r m v i s i o n . T h a t i s f u n d a m e n t a l l y a c r e a t i v e 
r a t h e r t h a n a r e ac t i ve a p p r o a c h t h a t resu l t s i n i n t e r v e n t i o n s , w h i c h are 
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s u b o r d i n a t e t o a n o v e r a l l a s p i r a t i o n . I n p r a c t i c e , p r o c e d u r e s l i k e i m p a c t 
assessments a c q u i r e a n e w use; f o r ins tance , a s means t o m o n i t o r t h e e f fec t s o f 
i n t e r v e n t i o n s a n d t o i n d i c a t e w h e n m o d i f i c a t i o n s are necessary ( i . e . a d a p t i v e 
m a n a g e m e n t ) . M e t h o d o l o g i e s s u c h a s p a r t i c i p a t o r y re sea rch i n f o r m p r o g r a m 
a n d p r o j e c t designs because t h e emphas i s i s o n p r o m o t i n g c o l l a b o r a t i v e , 
c r ea t i ve v e n t u r e s . I n s u m , w e suggest t h a t a g r i c u l t u r a l research p r o g r a m s can 
b e d e s i g n e d i n w a y s t h a t serve a range o f agendas, i n c l u d i n g g loba l c o n c e r n 
a b o u t H I V / A I D S . 
Conclusion 
O u r p u r p o s e has b e e n t o s h o w t h a t H I V / A I D S i s a s ign i f i can t c r o s s - c u t t i n g 
f a c t o r i n research , p l a n n i n g a n d m a n a g e m e n t o f d e v e l o p m e n t i n A f r i c a , i n t h e 
S A T r e g i o n . H I V / A I D S i s n o t t h e o n l y s i gn i f i c an t h e a l t h f a c t o r t o t a k e i n t o 
c o n s i d e r a t i o n . H o w e v e r , e v e n i n c o n t e x t s w h e r e o t h e r f ac to r s are a s o r e v e n 
m o r e press ing , H I V / A I D S c a n n o t b e i g n o r e d because o f t h e m u l t i p l e t h r e a t s 
i t poses t o s o c i e t y i n genera l . 
T h o s e t h r e a t s genera te cons ide r ab l e u n c e r t a i n t y a b o u t h o w t o r e s p o n d i n 
a n e f f e c t i v e , c o n s t r u c t i v e way . W e have i n d i c a t e d t h a t a n answer begins b y 
r e c o g n i z i n g t h a t p r o f o u n d , o n occas ion , r a p i d soc ie ta l change u n d e r l i e s t h a t 
u n c e r t a i n t y . A c c e p t i n g u n c e r t a i n t y a s a n o r m has i n s p i r e d a r e - t h i n k i n g o f t h e 
r o l e a n d r e s p o n s i b i l i t i e s o f m a n y agencies i n v o l v e d i n va r ious f i e ld s o f 
research , p l a n n i n g a n d m a n a g e m e n t i n A f r i c a . I n s h o r t , a n u n d e r s t a n d i n g o f 
h o w t o w o r k w i t h i n t h i s c o n t e x t has e m e r g e d . W e have d r a w n o n t h e 
e x p e r i e n c e o f e n v i r o n m e n t a l research a n d m a n a g e m e n t t o i l l u s t r a t e t h a t 
u n d e r s t a n d i n g , i n v i e w o f t h e para l le l s b e i n g t h e t h r e a t s p o s e d b y 
e n v i r o n m e n t a l d e g r a d a t i o n a n d H I V / A I D S . 
I n s u m , w e n o t e t h e r e are r e l a t i v e l y c lear g u i d e l i n e s f o r I C R I S A T ' s 
r e v i e w o f i t s a c t i v i t i e s a n d f u t u r e course . T h e o r g a n i z a t i o n i s t o b e 
c o m m e n d e d f o r c o n s i d e r i n g t h e issue. H I V / A I D S is, f o r m u c h o f A f r i c a , t h e 
grea tes t d e v e l o p m e n t cha l l enge . 
References 
Barnett , T and Blaikie, P. 1992. AIDS in Africa, its present and future impact. John 
Wiley, London . 
Barnett , T and Has lwimmer , M. 1993. The impact of HIV/AIDS on rural livelihoods 
and farming systems in eastern Africa. U n i t e d Nat ions /Food A i d Organisation, Rome. 
1 4 6 
Barnett , T and Whi tes ide , A. 2002. AIDS in the twenty - first century: Disease and 
globalization. Palgrave Macmi l l an , N e w York. 
Bjorkman, H. 2 0 0 1 . Placing HIV/AIDS at the center of the human rights development 
agenda: Implications for national development plans and budgets, poverty reduction 
strategies and sector plans. Paper presented at 13 Internat ional Conference on H I V / 
A I D S and STDS in Afr ica , Ouagadougou, 5-7 t h December, U n i t e d Nat ions 
development program. 
Bond, V. 1998. Household capacity and 'coping up' in rural Zambia: Dealing with 
AIDS, other illness and adversity in Chiawa. P h D . thesis, Univers i ty of H u l l . 
Brummelhu is , H and H e r d t , G. eds. 1995. Culture and sexual risk: Anthropological 
perspectives on AIDS. G o r d o n and Breach, A m s t e r d a m . 
C o m m o n w e a l t h . 2 0 0 1 . Regional HIV/AIDS strategy for East, Central and Southern 
Africa 2002-2006. C o m m o n w e a l t h Regional H e a l t h C o m m u n i t y Secretariat, Arusha. 
Douglas, I . , H a l l , D. and Anderson, J. 2 0 0 1 . AIDS in Africa: The urban environment in 
Commonwealth Secretariat. 2001. G loba l Hea l th Challenge: Essays on A I D S , 
C o m m o n w e a l t h Secretariat, London . 
Egal, F and Valster, A. 2001 . HIV/AIDS and Nutrition: Helping families and 
communities to cope. Food A i d Organisation, Rome. 
Heise, L, Raikes, A, Watts , C and Z w i , A. 1994. Violence against women: a neglected 
public health issue in less developed countries. Social Science and Medic ine , 39,9:410-
414. 
Hickey, A. 2002. Common challenges in the fight against HIV/AIDS. Synthesis repor t 
d rawing f r o m case studies of Botswana, Uganda, Thai land, Brazil and South Afr ica . 
Ins t i tu te for Democracy in South Afr ica , Cape Town . 
Internat ional H I V / A I D S Al l iance . 2 0 0 1 . Expanding community action on HIV/AIDS: 
NGO/CBO strategies for scaling-up. Internat ional H I V / A I D S All iance, Br ighton . 
Skordis, J and Nattrass N. 2 0 0 1 . What is affordable: The political economy of policy on 
the transmission of HIV/AIDS from mother to child in South Africa. Paper presented to 
the A I D S i n C o n t e x t Conference, Univers i ty o f Wi twate rs rand , A p r i l 2 0 0 1 . 
Stover, J and Johnson, A. 1999. The art of policy formulation: Experiences from Africa 
in developing national HIV/AIDS policies. Policy Project Occasional Paper N o . 3, 
U S A I D , Washington. 
U N A I D S . 2002 . Report on the global H I V / A I D S epidemic 2 0 0 2 . U N A I D S , Geneva. 
Whi tes ide , A and Sunter, C. 2000 . A I D S : the challenge fo r South A f r i c a . H u m a n and 
Rousseau Tafelberg, Cape Town . 
W H O . 2 0 0 1 . HIV/AIDS strategy in the African region: A framework for 
implementation. W o r l d Hea l th Organizat ion regional Off ice for Afr ica , Harare. 
147 
Session 2: Discussion 
K i m s e y i n g a S a v a d o g o 1 
• L i n k a g e b e t w e e n f o o d s e c u r i t y a n d h o u s e h o l d n u t r i t i o n i s i m p o r t a n t . 
E x a m p l e s o f r e l a t e d i n t e r v e n t i o n s i n c l u d e i n c o m e - g e n e r a t i n g a c t i v i t i e s 
t a r g e t i n g w o m e n a n d c h i l d r e n i n B u r k i n a Faso. 
• T h e g o v e r n m e n t i n B u r k i n a Faso has r e c o g n i z e d t h a t inc reas ing w o m e n ' s 
i n c o m e i m p r o v e s h o u s e h o l d n u t r i t i o n a n d i s p r o m o t i n g p r o j e c t s o n s m a l l 
r u m i n a n t s . 
• G e n d e r issues are l o c a t i o n a n d h o u s e h o l d spec i f i c . H o w d o w e dea l w i t h 
i n t r i c a t e i n t r a - f a m i l i a l issues? 
• T h e r o l e o f e c o n o m i c s i n address ing H I V / A I D S i s m i n i m a l ; i n s t ead , t h e 
p a n d e m i c as a h u m a n issue c o u l d be be s t add res sed by soc ia l sc ience . 
L y d i a K i m e n y e 2 
C o m m e n t s m a d e w i t h spec ia l r e f e r ence t o t h e g e n d e r issues paper : 
• W o m e n are c o n s t r a i n e d b y p o o r o f l a c k o f access t o i n f o r m a t i o n f o r 
a d o p t i o n o f t e c h n o l o g i e s ; t h e y are also c o n s t r a i n e d b y a l a ck o f p o w e r t o 
amass a n d c o m m a n d resources necessary f o r a d o p t i o n . 
• Paper needs t o g ive suggest ions o n h o w t o d e a l w i t h 
i . S t r u c t u r a l c o n s t r a i n t s t h a t m e n a n d w o m e n f a r m e r s face e.g. w i t h 
r e f e r e n c e t o m i c r o - e n t e r p r i s e s , 
i i . A l a c k o f access t o seed b y p o o r / w o m e n f a r m e r s . 
• N e e d t o i n c l u d e s t ra tegies e m p l o y e d b y m e n a n d w o m e n s o a s t o r e s p o n d 
t o shocks a r i s ing f r o m m a c r o - e c o n o m i c p o l i c y . 
• N e e d f o r s t ra tegies t h a t w i l l enab le m e n a n d w o m e n f a r m e r s e x p l o i t 
m a r k e t o p p o r t u n i t i e s w i t h i n t h e c o n t e x t o f g l o b a l i z a t i o n . 
• H o w c a n t e c h n o l o g y d e v e l o p m e n t a n d exchange b e l i n k e d s o a s t o sat isfy 
f a r m e r p re f e r ences - do we n e e d a baske t o f o p t i o n s ? 
• H o w c a n socia l sciences w i t h n e w t o o l s f o r g e n d e r analysis c o m p l i m e n t 
e c o n o m i c s w o r k ? 
• S h o u l d r e sea rch also focus on v a l u e a d d i t i o n f o r S A T c r o p s so a s t o 
increase t e c h n o l o g y o p t i o n s ? 
1. 
2. 
University of Ouagandougou. 
University of Nairobi. 
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Response by the panelists 
• D i f f e r e n t i a l r e source e n d o w m e n t b e t w e e n m e n a n d w o m e n a n d i m p a c t 
o f n u t r i t i o n o n w o m e n has w e l l b e e n d o c u m e n t . 
• W i l l revise p a p e r t o address issues ra i sed b y discussants . 
• E c o n o m i s t s o f t e n l o o k f o r cheapes t i n t e r v e n t i o n e.g. h o m e - b a s e d care 
versus c o m m u n i t y - b a s e d care o f H I V / A I D S p a t i e n t s . W h a t i s i m p o r t a n t 
is d o i n g research r e l a t e d t o t h e c o n t e x t w i t h i n w h i c h t h e resu l t s w i l l b e 
a p p l i e d ? 
Plenary Discussion 
Question Response 
Q 1 . Are SAT farmers producing for the 
international market? 
Q2. What is being done to add value to 
sorghums and millets? 
Q3. Can you say more about the 
contribution brought by incomers 
relative to that of existing farmers? 
Q4. Is there a potential for 
commercialization of SAT agriculture? 
Q5. Is there a danger of institutionalizing the 
area of high quality standards? 
Q6 . Agribusiness presentation shows that SAT 
agriculture needs to go beyond what it is now. 
But only the few, modernized farmers can 
commercialize. Is there a way of targeting 
Yes. There are food exports from the 
developing world to the western world. 
Value addition is necessary although very 
little value addition is taking place currently. 
There are a number of websites coordinating 
trade in domestic and international markets 
and which in most cases are not mediated. 
Personal relationships are the norm but need 
to be backed by good standards. 
The African Growth and Opportunities Act 
(AGOA) opens opportunities to African products 
of good quality. Quality standards officers need to 
be educated more on this. 
This affects markets both on the production side 
and on the consumption side; and both big 
marketing chains and small groceries. Major 
drawback is that most farmers do not understand 
what good quality standards are. 
Small farmers need to be organized into 
cooperatives in order to produce for export. 
However, the largest market is the domestic 
market. Need to identify the right opportunities. 
different types of farmers? 
Continued 
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Ques t ion R e s p o n s e 
Q 7 . (a) N e e d to address s o m e def in i t ional 
issues to avo id conceptua l p rob lems : 
of f - farm, non- fa rm, and remi t tances. 
(b) M ic ro -macro enterpr ise l inkage impor tant 
in t ransfer of resources back to the v i l lage. 
H o w do we ensure that the micro enterpr ise 
sector g rows? 
(c) H o w can gove rnmen ts dea l wi th 
ac t ions/ impacts of mul t inat ional c o m p a n i e s ? 
Q 8 . W h a t counter measu res can deve lop ing 
count r ies take to protect their marke ts f rom 
d u m p i n g of sub-s tandard mater ia ls by the 
wes te rn count r ies? 
Q 9 . H o w can smal l f a rmers in deve lop ing 
count r ies benef i t f r om g lobal izat ion w h e n 
deve loped count r ies are heavi ly subs id iz ing 
their o w n fa rmers? 
Q 1 0 . The re are a lot of genera l iza t ions w h e n 
d iscuss ing gender. W o m e n do not f a rm 
equal ly across Afr ica. 
Q 1 1 . D id any speci f ic gender issues that 
we re speci f ic to the SAT e m e r g e f rom the 
l i terature rev iew? 
Q 1 2 . Wha t new fo rms o f househo lds are 
emerg ing due to H IV /A IDS? 
Q 1 3 . Gende r paper has s h o w n that research 
is e m b e d d e d in a ser ies of var ious issues. 
H o w best can these be tack led both 
methodo log ica l l y a n d inst i tut ional ly? 
Q 1 4 . W i th re ference to the f ood secur i ty paper, 
has research add ressed the issue o f how 
to best to fund research on food secur i ty? 
Q 1 5 . H o w can pol icy research be best 
car r ied out in order to at tain bo th food a n d 
Regional izat ion of t rade wil l improve marke t ing in 
t e rms of pr ice, t im ing and variety. But not all 
smal lho lder fa rmers wi l l take advan tage of th is 
d u e to poor inf rastructure and other b iophys ica l / 
edaph ic factors . 
W T O regulat ions on d u m p i n g are b a d . Af r ican 
gove rnmen ts need to sc reen and /or put a tariff 
on agr icul tural p roduc ts that are subs id ized . 
Transnat iona ls do ing th is a re or iented towards 
big marke t cha ins . Important to select the right 
market because wha t you p roduce d e p e n d s on 
the market you choose . 
Gende r is locat ion-speci f ic . Hence gender 
analys is is a mus t in every a rea of work . 
Di f ferences in cont ro l of resources and power. 
S o m e househo lds are d isappear ing a n d n e w 
ones - especia l ly those headed by g rand parents 
are emerg ing . Makes i t diff icult to ana lyze 
househo lds . 
Wil l revise paper accordingly. 
N e e d to k n o w a n d unders tand our s takeho lders 
and involve t h e m in def in ing re levant s t ra teg ies. 
A lot of funding avai lable for HIV/AIDS compared 
to agriculture. Need to link agricul ture to HIV/AIDS. 
N e e d to k n o w a n d unders tand our s takeho lders 
a n d involve t h e m in def in ing re levant s t ra teg ies. 
env i ronmenta l secur i ty? 
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Continued 
Ques t i on R e s p o n s e 
Q 1 6 . Food secur i ty is mul t id imens iona l . 
T h e l ink be tween househo ld food secur i ty 
a n d nat ional food secur i ty w a s not c lear in 
t he paper. N e e d to s h o w the most impor tant 
l imit ing factors to food secur i ty both 
nat ional ly and at househo ld level . 
Q 1 7 . H u m a n heal th is af fected by both 
H IV /A IDS a n d malar ia a n d perhaps m u c h 
more by malar ia . Resources need to be 
sha red be tween H IV /A IDS and malar ia . 
Q 1 8 . Prof. Qu in lan exp ressed s o m e doubt 
on the ex is tence of subs is tence fa rming in 
Af r ica today. Th is needs c lar i f icat ion. 
Q 1 9 . H o w do researchers pract ical ly m o v e 
fo rward wi th resul ts f rom gender ana lys is? 
N e e d to look a t indiv idual househo lds and assess 
nutr i t ional s ta tus a n d l ink th is to poverty. 
H IV /A IDS shou ld not be e leva ted above other 
research a n d deve lopmen t issues but be 
in tegrated into other issues. 
Peop le are subs is tence fa rmers ei ther by cho ice 
or because they have been pushed into i t by the 
h igh product ion and market ing costs of large 
scale fa rming . 
Gende r analys is he lps in unders tand ing the 
const ra in ts faced by both m e n and w o m e n on the 
fa rm. Resul ts shou ld be (1) fed into the next level 
of research a n d (2) fac tored into changes wi th in 
interdiscipl inary t eams . 
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Technology Trends and Prospects 
T h i s session addresses t w o b r o a d ques t ions : A r e t e c h n o l o g i e s 
c u r r e n t l y avai lable t h a t can i m p r o v e i n c o m e s a n d w e l f a r e a m o n g 
t h e r u r a l poor? W h a t n e w t e c h n o l o g y issues are e m e r g i n g i n t h e 
s e m i - a r i d t r o p i c s , a n d h o w can t h e y b e addressed? A range o f 
a p p r o p r i a t e t e c h n o l o g i e s f o r c r o p p i n g a n d a g r o f o r e s t r y i s avai lable -
a n d m o r e b r e a k t h r o u g h s can b e e x p e c t e d t h r o u g h t h e j u d i c i o u s 
a p p l i c a t i o n o f b i o t e c h n o l o g y - b u t a d o p t i o n has b e e n p o o r . T h e 
s o l u t i o n m a y b e t o f u r t h e r b r o a d e n p a r t n e r s h i p s ; ensure t h a t 
research p r i o r i t i e s t a k e b e t t e r a c c o u n t o f t h e t a rge t e n v i r o n m e n t , 
f a r m e r s ' p re fe rences , m a r k e t d e m a n d , a n d c o m m e r c i a l i n c e n t i v e s 
f o r t e c h n o l o g y a d o p t i o n ; a n d w o r k w i t h p o l i c y m a k e r s t o c rea te a n 
e n a b l i n g p o l i c y e n v i r o n m e n t t o s t i m u l a t e a d o p t i o n . 
T w o m a j o r c o n s t r a i n t s - w a t e r a n d so i l f e r t i l i t y - are l i k e l y to 
b e c o m e even m o r e l i m i t i n g i n t h e f u t u r e . B e t t e r w a t e r m a n a g e m e n t 
w i l l be n e e d e d . I n s t i t u t i o n a l i n n o v a t i o n s are n e e d e d f o r b e t t e r 
c o o r d i n a t i o n , c o o p e r a t i o n , a n d m a n a g e m e n t o f n a t u r a l resources . 
S o i l f e r t i l i t y m u s t b e i m p r o v e d b y c o m b i n i n g a l t e r n a t i v e sources o f 
n u t r i e n t s , w i t h t h e emphas i s o n m a x i m i z i n g t h e r e t u r n s f r o m 
smal le r , m o r e a f f o r d a b l e q u a n t i t i e s o f b e t t e r - t a r g e t e d n u t r i e n t s . 
T h e g r o w t h o f t h e l i v e s t o c k sec tor o f fe rs o p p o r t u n i t i e s t o b e t t e r 
i n t e g r a t e c rops , l i v e s t o c k a n d ag ro fo re s t ry i n t o a sus ta inable , 
p r o d u c t i v e f a r m i n g s y s t e m . A g r o f o r e s t r y p r o v i d e s i nc r ea sed 
o p p o r t u n i t i e s f o r i n c o m e d i v e r s i f i c a t i o n . 
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Trends and prospects for livestock systems in 
the semi-arid tropics of sub-Saharan Africa 
T O l a l e k a n W i l l i a m s 1 , P h i l i p T h o r n t o n 2 a n d S F e r n a n d e z - R i v e r a 3 
In s e m i - a r i d sub-Saharan A f r i c a a s i n m a n y d r y l a n d areas, l i v e s t o c k are an 
i n t e g r a l p a r t o f t h e f a r m i n g sys tems. L i v e s t o c k o f f e r o p p o r t u n i t i e s f o r r i sk 
c o p i n g , f a r m d i v e r s i f i c a t i o n a n d i n t e n s i f i c a t i o n a n d p r o v i d e s ign i f i can t 
l i v e l i h o o d bene f i t s t o t h e poor . T h e a b i l i t y o f l i v e s t o c k sys tems t o c o n t i n u e t o 
p r o v i d e these f u n c t i o n s a n d services w i l l d e p e n d o n t h e i r f u t u r e e v o l u t i o n 
p a t h w a y s a n d d e v e l o p m e n t p r i o r i t i e s w h i c h can b e d e t e r m i n e d t h r o u g h a 
c a r e f u l analysis o f t h e d y n a m i c s , o p p o r t u n i t i e s a n d chal lenges c o n f r o n t i n g 
these sys tems . T h e p u r p o s e o f t h i s p a p e r i s t o r e v i e w t h e d e v e l o p m e n t o f 
l i v e s t o c k p r o d u c t i o n sys tems i n s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a . T h e 
p a p e r e x a m i n e s t h e w a y s i n w h i c h socia l , e c o n o m i c , i n s t i t u t i o n a l a n d 
t e c h n o l o g i c a l f ac to r s have i n f l u e n c e d t h e e v o l u t i o n o f l i v e s t o c k sys tems a n d 
i d e n t i f i e s p r o m i s i n g research approaches , t e chno log i e s , p o l i c y a n d 
i n s t i t u t i o n a l r e f o r m s t h a t can i m p r o v e sys tems ' p e r f o r m a n c e a n d 
s u s t a i n a b i l i t y a n d c o n t r i b u t e t o p o v e r t y r e d u c t i o n . 
In t roduct ion 
L i v e s t o c k p l a y a c r i t i c a l r o l e i n t h e f a r m i n g sys tems o f t h e s e m i - a r i d t r o p i c s o f 
sub-Saharan A f r i c a . A n i m a l s are k e p t t o c o m p l e m e n t c r o p p i n g ac t i v i t i e s 
t h r o u g h t h e p r o v i s i o n o f m a n u r e f o r so i l f e r t i l i t y m a i n t e n a n c e a n d d r a f t p o w e r 
f o r c u l t i v a t i o n a n d t r a n s p o r t . L i v e s t o c k c o n s u m e a n d a d d va lue t o c r o p b y -
p r o d u c t s t h a t w o u l d o t h e r w i s e b e w a s t e d o r u n d e r u t i l i z e d a n d t h e y are o f t e n 
ra i sed o n l a n d t h a t has n o o t h e r sus ta inable a g r i c u l t u r a l use. Fa rmer s a n d 
pas tora l i s t s k e e p l i v e s t o c k as p r o d u c t i v e assets to r e d u c e r i sk a n d 
c o n s u m p t i o n v a r i a b i l i t y . For f a r m e r s in pa r t i cu l a r , l i v e s t o c k serve as a cash 
gene ra to r f o r seasonal r e q u i r e m e n t s o f a g r i c u l t u r a l a c t i v i t y . I n p o o r c r o p 
1. International Livestock Research Institute ( I L R I ) , Ibadan, Nigeria. 
2. International Livestock Research Institute ( ILRI ) , Nairobi, Kenya. 
3. International Livestock Research Insti tute ( I L R I ) , Addis Ababa, Ethiopia. 
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p r o d u c t i o n years a n i m a l s are s o l d t o b u y f o o d f o r h o u s e h o l d sus tenance, w h i l e 
i n g o o d years t h e y p r o v i d e a n i m p o r t a n t i n v e s t m e n t o p p o r t u n i t y f o r su rp lu s 
f u n d s . L i v e s t o c k also p r o v i d e h i g h l y n u t r i t i o u s f o o d , i n c o m e , e m p l o y m e n t a n d 
v a l u a b l e f o r e i g n exchange earnings . W i t h t h e p r e d i c t e d increase i n d e m a n d f o r 
l i v e s t o c k p r o d u c t s i n d e v e l o p i n g c o u n t r i e s o v e r t h e n e x t f e w decades a n d t h e 
i m p o r t a n c e o f l i v e s t o c k f o r t h e l i v e l i h o o d s o f p o o r f a r m i n g h o u s e h o l d s , 
u n d e r s t a n d i n g h o w l i v e s t o c k sys tems m i g h t change a n d a d a p t i n t h e f u t u r e i s 
c r i t i c a l t o t h e o v e r a l l d e v e l o p m e n t o f sub-Saharan A f r i c a . T h i s i s p a r t i c u l a r l y 
t r u e i n t h e s e m i - a r i d t r o p i c s w h e r e a p p r o x i m a t e l y 1 0 0 m i l l i o n p o o r l i v e s t o c k 
keepe r s l i v e ( a u t h o r s ' o w n e s t i m a t i o n based o n da ta r e p o r t e d i n T h o r n t o n e t 
a l . 2 0 0 2 ) . T h i s p a p e r r e v i e w s t r e n d s i n l i v e s t o c k sys tems across t h e s e m i - a r i d 
t r o p i c s o f sub-Saharan A f r i c a . I t cons ide rs w h a t t h e t r e n d s t e l l u s a b o u t t h e 
p r o s p e c t s f o r t h e f u t u r e a n d h i g h l i g h t s t h e e c o n o m i c , i n s t i t u t i o n a l a n d 
t e c h n i c a l c o n s t r a i n t s t h a t m u s t b e o v e r c o m e t h r o u g h research . I t i d e n t i f i e s 
p r o m i s i n g approaches , t e c h n o l o g i e s a n d p o l i c y o p t i o n s t h a t can b e u s e d t o 
i m p r o v e t h e p e r f o r m a n c e o f t h e l i v e s t o c k sec to r i n a sus ta inable m a n n e r a n d 
i n w a y s t h a t can r e d u c e p o v e r t y a n d hunger . I n w h a t f o l l o w s , w e s ta r t w i t h a 
c l a s s i f i ca t ion a n d d e l i n e a t i o n o f t h e l i v e s t o c k sys tems t h a t are o f i m p o r t a n c e i n 
t h e s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a . 
Classification of livestock product ion systems 
N u m e r o u s l i v e s t o c k p r o d u c t i o n sys tems ex i s t i n sub-Saharan A f r i c a . T h e i r 
d i v e r s i t y necessi ta tes a s y s t e m o f c l a s s i f i ca t ion t o o r d e r a n d g r o u p s i m i l a r 
sy s t ems f o r t h e p u r p o s e o f i d e n t i f y i n g o p p o r t u n i t i e s a n d c o n s t r a i n t s t o 
l i v e s t o c k d e v e l o p m e n t . F o l l o w i n g Sere a n d S t e i n f e l d ( 1 9 9 6 ) , l i v e s t o c k 
p r o d u c t i o n sys tems can b e c lass i f i ed o n t h e basis o f l a n d use, degree o f 
i n t e g r a t i o n o f l i v e s t o c k w i t h c r o p p r o d u c t i o n a n d agroeco logy i n t o e l e v e n 
ca tegor ies ( F i g u r e 1 ) . U s i n g t h e f i r s t t w o c r i t e r i a , f o u r l i v e s t o c k p r o d u c t i o n 
sys t ems can b e i d e n t i f i e d n a m e l y : landless , r a n g e l a n d (areas w i t h m i n i m a l 
c r o p p i n g ) , m i x e d r a i n f e d ( i . e . r a i n f e d c r o p p i n g c o m b i n e d w i t h l i v e s t o c k ) a n d 
m i x e d i r r i g a t e d sys t ems ( c r o p p i n g u n d e r i r r i g a t i o n w i t h l i v e s t o c k ) . T h e 
r a n g e l a n d a n d m i x e d sys t ems can b e f u r t h e r b r o k e n d o w n b y agroeco log ica l 
p o t e n t i a l i n t e r m s o f t h e average a n n u a l l e n g t h o f g r o w i n g p e r i o d ( L G P ) f o r 
c rops a n d t e m p e r a t u r e i n t o t h r e e zones v i z . t h e h i g h l a n d / t e m p e r a t e zone 
d e f i n e d o n t h e basis o f t e m p e r a t u r e , t h e a r i d / s e m i a r i d zone d e f i n e d b y L G P 
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o f less t h a n 1 8 0 days a n d t h e h u m i d / s u b - h u m i d zone w i t h L G P grea te r t h a n 
o r e q u a l t o 1 8 0 days . 
T h i s c l a s s i f i ca t ion s c h e m e p r o v i d e s a u s e f u l s t a r t i n g p o i n t f o r o u r 
d i scuss ion o f o p p o r t u n i t i e s a n d chal lenges f ac ing l i v e s t o c k d e v e l o p m e n t i n t h e 
s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a . A l t h o u g h a c o n t i n u u m o f l i v e s t o c k 
p r o d u c t i o n sys tems r ang ing f r o m landless ( u r b a n a n d p e r i - u r b a n ) , r a n g e l a n d 
a n d m i x e d r a i n f e d can b e f o u n d i n t h e s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a , 
t h e m a i n focus o f t h i s p a p e r i s o n t h e r ange land ( L G A ) a n d m i x e d r a i n f e d 
c r o p - l i v e s t o c k sys tems ( M R A ) 4 because t h e y are t h e t w o m o s t i m p o r t a n t 
sys t ems i n t h i s zone . 
Figure 1 . Classif icat ion o f l ivestock p r o d u c t i o n systems. 
4. These two systems correspond to the pastoral and agropastoral (millet/sorghum) systems in the FAO 
classification of farming systems in sub-Saharan Africa (see Dixon et al. 2001). 
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Ruminan ts 
I rr igated 
Humid / 
Sub-humid 
(LGH) 
Mixed Rainfed 
Humid /Sub-humid 
(MRH) 
M ixed 
Humid /Sub -humid 
(MIH) 
Mixed Rainfed 
Temperate 
(MIT) 
M ixed 
Tempera te 
(MRT) 
H igh land/ 
Tempera te 
(LGT) 
Monogast r ics 
Irr igated 
"Land less" Grass land Rain fed Irr igated 
Mixed Sys tems Mainly l ivestock 
Globa l l ivestock product ion sys tems 
Main features of the dominant livestock systems 
in the semi-arid tropics of sub-Saharan Africa 
T h e r ange land s y s t e m covers a b o u t 6 m i l l i o n square k i l o m e t e r s o r 
a p p r o x i m a t e l y a q u a r t e r o f t h e t o t a l l a n d area i n sub-Saharan A f r i c a (Table 1 ) . 
L a n d i s t h e p r i n c i p a l r e source i n t h i s s y s t e m b u t i t s q u a l i t y a n d p r o d u c t i v i t y i s 
gene ra l l y p o o r . T h e vast areas o f l a n d i n t h e s e m i - a r i d zone t h a t are m a r g i n a l o r 
u n s u i t a b l e f o r c r o p p r o d u c t i o n are w e l l s u i t e d t o e x t e n s i v e g raz ing a n d t h i s 
serves t o e x p l a i n t h e p r e v a l e n c e o f t h e r ange l and s y s t e m i n t h i s ag roeco log ica l 
zone . T h e m i x e d r a i n f e d c r o p - l i v e s t o c k s y s t e m e x t e n d s o v e r 3 .4 m i l l i o n 
square k i l o m e t e r s o f l a n d a n d t o g e t h e r w i t h t h e r ange l and s y s t e m occup ie s 
a b o u t 1 0 m i l l i o n square k i l o m e t e r s o r 4 0 % o f t h e t o t a l l a n d area i n sub-
Saharan A f r i c a (Table 1 ) . A l t h o u g h these sys tems can b e f o u n d i n a l l t h e f o u r 
T a b l e 1 . L a n d a r e a b y r e g i o n a n d d o m i n a n t l i v e s t o c k p r o d u c t i o n s y s t e m s i n t h e s e m i -
a r i d t r o p i c s o f s u b - S a h a r a n A f r i c a . 
Total 
(Million 
LGA2 
(Million 
MRA3 
(Million Percent of regional total 
Region1 sq. km) sq. km) sq. km) LGA (%) MRA (%) 
West 
Central 
East 
South 
Sub-Saharan 
Africa (SSA) Total 
% of SSA Total 
7.3 
4.0 
6.8 
5.9 
24.1 
1.6 
0.05 
2.3 
2.4 
6.3 
26 
1.1 
0.05 
0.8 
1.5 
3.4 
14 
21.7 
1.3 
33.7 
39.8 
14.8 
1.2 
11.8 
25.0 
1. The following countries are included in each region: 
West Africa 
Benin, Burkina Faso, Chad, Cote d'lvoire, Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali, Mauritania, Niger, 
Nigeria, Senegal, Sierra Leone, Togo. 
Central Africa 
Cameroon, Central African Republic, Congo, Democratic Republic of Congo, Equatorial Guinea, Gabon. 
East Africa 
Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Rwanda, Somalia, Sudan, Tanzania, Uganda. 
Southern Africa 
Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia, South Africa, Swaziland, Zambia, Zimbabwe. 
2. LGA = Livestock only, rangeland arid/semi-arid systems 
3. MRA = Mixed rainfed arid/semi-arid systems 
Source: Based on data compiled from FAO databases and reported in Thornton et al. 2002. 
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m a j o r reg ions - w e s t , c e n t r a l , east a n d s o u t h - o f t h e s u b - c o n t i n e n t , t h e 
r e l a t i v e area o c c u p i e d i n each r e g i o n d i f f e r s . T h e t w o sys tems are o f less 
i m p o r t a n c e i n c e n t r a l A f r i c a w h e r e t h e y o c c u p y o n l y 2 . 5 % o f t h e 4 m i l l i o n 
square k i l o m e t e r s o f l a n d i n t h i s r e g i o n , b u t appear t o b e t h e d o m i n a n t l a n d 
use sys tems i n s o u t h e r n A f r i c a w h e r e t h e y c o v e r 6 5 % o f t h e a p p r o x i m a t e l y 6 
m i l l i o n square k i l o m e t e r s o f l a n d i n t h i s r e g i o n . 
I n t h e m i x e d r a i n f e d s y s t e m w h e r e c r o p p i n g i s feas ible , t h e p r i n c i p a l 
cereals are pea r l m i l l e t a n d s o r g h u m g r o w n e i t h e r i n p u r e s tands o r 
i n t e r c r o p p e d w i t h l e g u m e s such a s c o w p e a , g r o u n d n u t a n d sesame. W h e r e t h e 
l a n d q u a l i t y p e r m i t s , m a i z e i s also g r o w n . C e r e a l p r o d u c t i o n i s p r i n c i p a l l y 
gea red t o w a r d t h e sa t i s f ac t ion o f h o u s e h o l d needs, a l t h o u g h p e r i o d i c sales 
o c c u r w h e n m o n e y i s n e e d e d t o m e e t h o u s e h o l d ob l i ga t i ons . T h e m a i n cash 
c rops are c o w p e a , g r o u n d n u t a n d c o t t o n . 
I n b o t h t h e r ange l and a n d r a i n f e d m i x e d sys tems, l i v e s t o c k cons is t 
m a i n l y o f c a t t l e , sheep, goats, d o n k e y s , camel s a n d p o u l t r y . T h e r ange l and 
s y s t e m carr ies a p p r o x i m a t e l y 3 3 % a n d m i x e d r a i n f e d s y s t e m 2 3 % o f t h e 2 3 3 
m i l l i o n T r o p i c a l L i v e s t o c k U n i t s ( T L U s ) f o u n d i n sub-Saharan A f r i c a 
(Table 2 ) . T h e s e t w o sys tems b e t w e e n t h e m c a r r y ove r h a l f o f t h e T L U s f o u n d 
i n sub-Saharan A f r i c a . East A f r i c a w i t h a b o u t 6 5 m i l l i o n T L U s i n b o t h sys tems 
has t w i c e a s m a n y T L U s a s W e s t A f r i c a , w h i c h ranks n e x t i n o r d e r o f l i v e s t o c k 
p o p u l a t i o n . 
I n t h e year 2 0 0 0 , t h e t w o l i v e s t o c k p r o d u c t i o n sys tems p r o v i d e d i r e c t 
l i v e l i h o o d bene f i t s , i n c l u d i n g f o o d , e m p l o y m e n t a n d i n c o m e , t o a b o u t 2 0 0 
T a b l e 2 . T r o p i c a l L i v e s t o c k U n i t s ( T L U s * ) b y r e g i o n a n d d o m i n a n t l i v e s t o c k 
p r o d u c t i o n s y s t e m s i n t h e s e m i - a r i d t r o p i c s o f s u b - S a h a r a n A f r i c a . 
Total 
(Million 
LGA 
(Million 
MRA 
(Million Percent of regional total 
Reg ion" TLUs) TLUs) TLUs) LGA(%) M R A ( % ) 
West 
Central 
East 
South 
Sub-Saharan 
Africa (SSA) Total 
% of SSA Total 
55.5 
10.7 
131.4 
35.6 
233.2 
15.5 
0.5 
47.4 
12.8 
76.2 
33 
21.6 
0.9 
17.5 
12.5 
52.5 
23 
27.9 
4.7 
36.1 
36.0 
38.9 
8.4 
13.3 
35.1 
*TLU means Tropical Livestock Unit, i.e. an animal of 250 kg live weight. 
"The regions and all other terms are as defined under Table 1. 
Source: Based on data compiled from FAO databases and reported in Thornton et al. 2002. 
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m i l l i o n p e o p l e (Table 3 ) , o u t o f w h i c h 9 7 m i l l i o n w e r e p o o r p e o p l e e k i n g o u t a 
l i v i n g o n less t h a n 1 U S d o l l a r p e r day (Table 4 ) . B y 2 0 5 0 , i t i s p r e d i c t e d t h a t 
t h e same sys tems w i l l have t o ca t e r f o r t h e d i r e c t needs o f 4 6 4 m i l l i o n p e o p l e 
(Table 3 ) . T h e s e s ta t i s t i cs u n d e r l i n e t h e i m p o r t a n c e o f these t w o l i v e s t o c k 
p r o d u c t i o n sys tems a n d d e m o n s t r a t e w h y t h e y m e r i t cons ide r ab l e a t t e n t i o n i n 
t h e q u e s t t o r e d u c e p o v e r t y a n d h u n g e r i n t h e s e m i - a r i d t r o p i c s o f sub-Saharan 
A f r i c a . I n t h e n e x t s e c t i o n , each s y s t e m w i l l b e b r i e f l y e x a m i n e d i n o r d e r t o 
h i g h l i g h t sy s t em - sp ec i f i c o p p o r t u n i t i e s a n d chal lenges . 
T a b l e 3 . H u m a n p o p u l a t i o n b y r e g i o n a n d d o m i n a n t l i v e s t o c k p r o d u c t i o n s y s t e m s i n 
s e m i - a r i d t r o p i c s o f s u b - S a h a r a n A f r i c a , 2 0 0 0 a n d 2 0 5 0 . 
Total 
Region (million) 
West 225.2 
Central 75.2 
East 219.2 
South 107.3 
Sub-Saharan 
Africa (SSA) 
Total 627.0 
% of SSA Total 
Year 2000 
LGA 
(million) 
9.3 
0.2 
21.7 
10.8 
42.0 
7 
MRA 
(million) 
77.3 
4.0 
33.9 
41.9 
157.1 
25 
Percent of 
regional total 
LGA MRA Total 
(%) (%) (million) 
4.1 34.4 536.8 
0.3 5.3 218.4 
9.9 15.5 531.5 
10.1 39.0 206.9 
1493.6 
LGA 
(million 
24.6 
0.5 
55.6 
18.8 
99.6 
7 
Year 2050 
Percent of 
regional total 
MRA LGA MRA 
) (million) (%) (%) 
193.1 4.6 36.0 
10.6 0.3 4.9 
78.3 10.5 14.7 
82.1 9.1 39.7 
364.2 
24 
Source: Based on data compiled from FAO and World Bank databases and reported in Thornton et al. 2002. 
Table 4. Number of poor using $1/day poverty threshold by region and dominant 
livestock production systems in the semi-arid tropics of sub-Saharan Africa, 2000. 
Total LGA MRA . 
Percent of regional total 
Region (million) (million) (million) LGA (%) MRA (%) 
West 130.3 
Central 36.1 
East 77.0 
South 35.6 
Sub-Saharan Africa (SSA) Total 279.0 
% of SSA Total 7 
5.1 
0.1 
9.6 
3.1 
18.0 
28 
48.2 
1.9 
12.6 
16.0 
78.7 
3.9 
0.3 
12.5 
8.8 
37.0 
5.2 
16.3 
45.0 
Source: Based on data compiled from FAO and World Bank databases and reported in Thornton et al. 2002. 
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System-specific issues 
Rangeland system 
L i v e s t o c k p r o d u c t i o n u n d e r t h i s s y s t e m rel ies a l m o s t e x c l u s i v e l y o n n a t u r a l 
v e g e t a t i o n i n r ange land , w i t h m i n i m u m d e p e n d e n c e o n i m p o r t e d i n p u t s . 
T h e r e i s p e r i o d i c m o v e m e n t o f an ima l s i n search o f n a t u r a l pas tures a n d w a t e r . 
D u r i n g t h e r a i n y season, t h e m o s t p r o d u c t i v e s t ra tegy i s t o m o v e an ima l s t o 
t h e edge o f t h e a r i d zone a w a y f r o m c u l t i v a t e d f i e l d s t o t a k e advantage o f t h e 
f l u s h o f h i g h q u a l i t y forage p r o d u c e d b y annua l grasses a n d t o p r e v e n t damage 
t o s t a n d i n g c r o p s . D u r i n g t h e d r y season, pas tora l i s t s r e t u r n w i t h t h e a n i m a l s 
t o t h e vi l lages t o access w a t e r , c r o p res idues a n d n a t u r a l forages g r o w i n g near 
t h e v i l lages t o m a i n t a i n t h e p r o d u c t i v e capac i ty o f t h e i r h e r d s ( S a n d f o r d 
1 9 8 2 ) . T h i s m i g r a t o r y s y s t e m creates o p p o r t u n i t i e s f o r m u t u a l l y b e n e f i c i a l 
exchange r e l a t i o n s h i p s b e t w e e n pas tora l i s t s a n d f a r m e r s . T h e exchanges o f 
cerea l g ra in , c r o p res idues a n d w a t e r f o r m a n u r e have l i n k e d c r o p a n d 
l i v e s t o c k p r o d u c t i o n f o r m a n y years i n t h e Sahel ( T o u l m i n , 1 9 8 3 ) . W i t h i n each 
season, pas tora l i s t s t a k e advantage o f t h e pa tches o f pa s tu re t h a t p r o d u c e 
m o r e a n d / o r b e t t e r q u a l i t y forage e i t h e r d u e t o h i g h e r so i l m o i s t u r e o r f e r t i l i t y 
(Scoones 1 9 8 9 ) . I n t e r m s o f o u t p u t , t h e r ange l and sys tems i n t h e ear ly 1990s 
s u p p l i e d 4 2 a n d 7 5 % o f t h e m e a t a n d m i l k p r o d u c e d i n sub-Saharan A f r i c a ( d e 
H a a n e t a l . 1 9 9 7 ) . 
W h e n p r o p e r l y m a n a g e d , l i v e s t o c k i n r ange land sys tems can i m p r o v e so i l 
c o v e r a n d w a t e r i n f i l t r a t i o n b y d i spe r s ing seeds a n d b r e a k i n g u p so i l c rus t s 
w i t h t h e i r hooves , a n d c o n t r o l s h r u b g r o w t h b y r e m o v i n g b iomass w h i c h 
o t h e r w i s e m i g h t p r o v i d e f u e l f o r u n c o n t r o l l e d b u s h f i r e . These i m p a c t s 
t o g e t h e r w i t h t h e p r o d u c t i o n o f m a n u r e s t i m u l a t e grass t i l l e r i n g a n d i m p r o v e 
seed g e r m i n a t i o n t h a t i n t u r n i m p r o v e s l a n d a n d v e g e t a t i o n . H o w e v e r , w h e n 
i m p r o p e r l y m a n a g e d , r e source d e g r a d a t i o n , espec ia l ly o f l a n d a n d b i o d i v e r s i t y , 
can o c c u r i n these sys tems . H e a v y graz ing p a r t i c u l a r l y d u r i n g t h e i n i t i a l phase 
o f p l a n t g r o w t h , can l ead t o so i l c o m p a c t i o n and , i n u n d u l a t i n g t e r r a i n , 
acce le ra te e r o s i o n t h u s decreas ing so i l f e r t i l i t y , organic m a t t e r c o n t e n t a n d 
w a t e r i n f i l t r a t i o n a n d s torage. H e a v y grazing, p a r t i c u l a r l y d u r i n g t h e i n i t i a l 
phase o f p l a n t g r o w t h , can also change t h e c o m p o s i t i o n a n d p l a n t species m i x 
i n a r a n g e l a n d t h e r e b y r e d u c i n g i t s p r o d u c t i v i t y a n d p l a n t d i v e r s i t y . B u t i n 
m a n y d r y l a n d s , v e g e t a t i o n y i e l d m a y b e l o w , n o t because o f l i v e s t o c k graz ing , 
b u t because o f l o w r a i n f a l l a n d d r o u g h t . E v i d e n c e f r o m t h e Sahe l i n d i c a t e s 
t h a t v e g e t a t i o n m a y q u i c k l y r ecove r w h e n r a i n f a l l i m p r o v e s ( H i e r n a u x 1 9 9 6 ) . 
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A b r e a k d o w n o f t h e r a n g e l a n d s y s t e m i n v o l v i n g e x t e n s i v e graz ing s y s t e m 
i s o c c u r r i n g i n m a n y pa r t s o f t h e s e m i - a r i d t r o p i c s . Fa rmer s have t a k e n ove r 
t h e bes t g raz ing lands a n d c o n v e r t e d t h e m i n t o c r o p l a n d , o v e r r i d i n g a n d 
i g n o r i n g t h e t r a d i t i o n a l use r i g h t s o f pas tora l i s t s t o these rangelands . I n W e s t 
A f r i c a , t h i s process has b e e n a c c o m p a n i e d b y t h e inc reas ing c u l t i v a t i o n o f 
va l l ey b o t t o m s w h i c h has r e s t r i c t e d pas tora l i s t s m o v e m e n t a n d p r e v e n t e d 
t h e m f r o m u s i n g these areas a s m i g r a t i o n r o u t e s o r pas tures d u r i n g t h e d r y 
season ( T u r n e r 1 9 9 3 ) . T h e n e t e f f e c t has b e e n a r e d u c t i o n i n t o t a l pa s tu re area 
a n d seasonal i nacce s s ib i l i t y t o r e m a i n i n g pas tures d u e t o f r a g m e n t a t i o n caused 
b y c r o p p i n g a n d e x p a n s i o n o f d r y season g a r d e n i n g t o l o w - l y i n g areas. T h i s has 
f o r c e d t h e pas tora l i s t s t o r e m a i n o n d e t e r i o r a t i n g rangelands a n d has inc reased 
c o n f l i c t s b e t w e e n pas tora l i s t s a n d f a r m e r s . S u c h c o n f l i c t s o v e r access r i g h t s t o 
range lands have also b e e n r e p o r t e d i n East A f r i c a . N o n e t h e l e s s , i t r e m a i n s t r u e 
t h a t i n t h e d r y pa r t s o f t h e s e m i - a r i d zone t h e r ange l and pas to ra l s y s t e m 
rep re sen t s a r a t i o n a l a n d p r o f i t a b l e s y s t e m o f l a n d use. T h e cha l l enge t o 
research i n s t i t u t i o n s a n d d e v e l o p m e n t agencies i s t o devise i n s t i t u t i o n a l 
a r r a n g e m e n t s t h a t encourage c o l l e c t i v e a c t i o n i n t h e j o i n t u t i l i z a t i o n a n d 
m a n a g e m e n t o f m u l t i - p a r t i c i p a n t r e source sys tems w i t h f l u c t u a t i n g b e n e f i t 
s t r eams i n o r d e r t o i m p r o v e l i v e s t o c k p r o d u c t i o n a n d n a t u r a l r e sou rce use i n a 
sus ta inable m a n n e r i n t h e pas to ra l zone . 
Mixed rainfed crop-livestock system 
M i x e d f a r m i n g sys tems i n w h i c h c r o p a n d l i v e s t o c k p r o d u c t i o n are i n t e g r a t e d o n 
t h e same f a r m serve as a b r i d g e b e t w e e n t h e r ange land a n d ' landless ' i n d u s t r i a l 
sys tems. I n t h e ear ly 1990s , m i x e d f a r m i n g sys tems s u p p l i e d a b o u t 5 0 a n d 2 5 % 
o f t h e t o t a l m e a t a n d m i l k p r o d u c e d i n sub-Saharan A f r i c a (de H a a n e t a l . 
1 9 9 7 ) . G i v e n t h e l i m i t e d access o f f a rmer s t o e x t e r n a l i n p u t s , m i x e d f a r m i n g 
sys tems r ep re sen t t h e m a i n avenue f o r i n t e n s i f i c a t i o n o f f o o d p r o d u c t i o n i n sub-
Saharan A f r i c a . M i x e d f a r m i n g sys tems a l l o w t h e was te p r o d u c t s o f one 
en t e rp r i s e t o be u s e d a s i n p u t s i n t h e o t h e r en t e rp r i s e (e.g. c r o p b y - p r o d u c t s a s 
f e e d f o r l i ve s tock , a n i m a l m a n u r e a s f e r t i l i z e r f o r c rops a n d d r a f t p o w e r f o r l a n d 
t i l l age ) . T h e p r o v i s i o n o f m a n u r e b y l i v e s t o c k i s p a r t i c u l a r l y i m p o r t a n t i n those 
areas w h e r e p o o r so i l f e r t i l i t y c o n s t i t u t e s a c r i t i c a l c o n s t r a i n t t o f o o d 
p r o d u c t i o n . A d d i n g m a n u r e t o t h e soi l replenishes n u t r i e n t s r e m o v e d b y c rops 
a n d creates a b e t t e r e n v i r o n m e n t f o r so i l m i c r o f lo ra a n d fauna. M a n u r e also 
increases t h e n u t r i e n t r e t e n t i o n capac i ty o f so i l , i m p r o v e s soi l s t r u c t u r e a n d 
phys i ca l c o n d i t i o n b y increas ing t h e w a t e r h o l d i n g capaci ty. D e s p i t e t h e 
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advantages o f m i x e d c r o p - l i v e s t o c k systems, t h e v a r y i n g degree o f i n t e g r a t i o n o f 
c r o p - l i v e s t o c k p r o d u c t i o n ac t iv i t i es seen across t h e s e m i - a r i d t r o p i c s ind ica tes 
t h a t t h e r e are s t i l l i m p o r t a n t cons t ra in t s t h a t i n h i b i t greater i n t e g r a t i o n . For 
instance, t h e lack o f a d o p t i o n o f forage legumes a n d t h e l o w d e m a n d fo r a n i m a l 
d r a f t p o w e r i n m a n y par ts o f t h e s e m i - a r i d t r o p i c s have been p a r t l y a t t r i b u t e d t o 
t h e absence o f p r i c e incen t ives a n d m a r k e t c o n d i t i o n s u n d e r w h i c h these 
t echnolog ies have t h r i v e d i n o t h e r par ts o f sub-Saharan A f r i c a ( M c l n t i r e e t a l . 
1 9 9 2 ) . C o m p e t i t i o n f o r l a n d b e t w e e n f o o d a n d f e e d p r o d u c t i o n a n d h i g h labor 
d e m a n d s o f m i x e d f a r m i n g m a y also l i m i t c r o p - l i v e s t o c k i n t e g r a t i o n . I n t e g r a t e d 
c r o p - l i v e s t o c k systems are l abor d e m a n d i n g i n t e r m s o f c r o p res idue a n d f o d d e r 
harves t ing , f eed ing a n d h e r d i n g o f an imals a n d m a n u r e c o l l e c t i o n a n d spreading. 
A l t h o u g h t h e p o i n t at w h i c h labor con f l i c t s w i l l appear i n land-scarce a n d l a n d -
a b u n d a n t zones m a y d i f fe r , t h e p o t e n t i a l f o r c o n f l i c t b e t w e e n c r o p p i n g a n d 
l ives tock f o r l abor i s nonetheless real ( D e l g a d o 1989 ; M c l n t i r e e t a l . 1 9 9 2 ) . I t i s 
clear, howeve r , t h a t m i x e d c r o p - l i v e s t o c k systems w i l l r e m a i n an i m p o r t a n t p a r t 
o f t h e a g r i c u l t u r a l d e v e l o p m e n t process i n t h e s e m i - a r i d t r o p i c s o f sub-Saharan 
A f r i c a b o t h because o f t h e l i m i t e d g r o w t h p o t e n t i a l o f t h e ex tens ive grazing 
systems as a resu l t o f p o p u l a t i o n pressure w h i c h forces f a rmers to c o n v e r t 
range land i n t o c r o p l a n d a n d because t a k i n g advantage o f c o m p l e m e n t a r y c r o p -
l i ve s tock p r o d u c t i o n in t e r ac t ions represent a least-cost r o u t e to ag r i cu l t u r a l 
i n t e n s i f i c a t i o n . 
Future trends and issues 
L i v e s t o c k p r o d u c t i o n sys tems e v o l v e i n response t o increase i n h u m a n 
p o p u l a t i o n , i n c o m e g r o w t h , u r b a n i z a t i o n , a n d i m p r o v e m e n t s i n m a r k e t access, 
t r a n s p o r t a n d i n f r a s t r u c t u r e . Recen t p r o j e c t i o n s o f d e m a n d f o r m e a t a n d m i l k 
i n sub-Saharan A f r i c a i n d i c a t e t h a t ove r t h e n e x t 2 0 years, t o t a l c o n s u m p t i o n 
o f m e a t a n d m i l k w i l l m o r e t h a n d o u b l e f r o m a b o u t 5.5 a n d 1 6 . 6 m i l l i o n 
t o n n e s n o w t o 11 .3 a n d 3 5 . 4 m i l l i o n t o n n e s o f m e a t a n d m i l k , r e spec t ive ly . B y 
2 0 2 0 , t o t a l p r o d u c t i o n o f m e a t a n d m i l k w i l l also d o u b l e f r o m a b o u t 5.4 a n d 
15 .8 m i l l i o n t o n n e s n o w t o 11 .0 a n d 3 3 . 5 m i l l i o n t o n n e s o f m e a t a n d m i l k , 
r e s p e c t i v e l y ( E h u i e t a l . 2 0 0 2 ) . T h e s e s ta t i s t ics i n d i c a t e t h a t sub-Saharan 
A f r i c a w i l l r e m a i n a n e t i m p o r t e r o f m i l k a n d , t o a l i m i t e d e x t e n t , m e a t a n d 
raise a n u m b e r o f issues, w h i c h m u s t b e addressed i n o r d e r t o i m p r o v e 
p r o d u c t i v i t y o f l i v e s t o c k p r o d u c t i o n a n d close t h e gap b e t w e e n d e m a n d a n d 
supp ly . T h e s e issues r e l a t i n g t o feeds, n u t r i e n t m a n a g e m e n t , a n i m a l a n d 
h u m a n h e a l t h a n d e n v i r o n m e n t a l conce rns are d iscussed h e r e . 
163 
Feeds 
I n a d e q u a t e a v a i l a b i l i t y o f feeds represen t s a n i m p o r t a n t c o n s t r a i n t t o a n i m a l 
p r o d u c t i o n i n sub-Saharan A f r i c a . Fo r an ima l s r a i sed w i t h i n r a n g e l a n d a n d 
m i x e d f a r m i n g sys tems , a n u m b e r o f feeds are ava i lab le m o s t o f w h i c h have 
l i m i t e d a l t e r n a t i v e v a l u e . T h e s e i n c l u d e pas tures , shrubs , b r o w s e s , c r o p 
res idues , a g r o - i n d u s t r i a l b y - p r o d u c t s a n d h o u s e h o l d was tes . I nc r ea s ing 
p a s t u r e p r o d u c t i o n t h r o u g h area e x p a n s i o n i s n o l o n g e r feas ible d u e t o t h e f a c t 
t h a t across A f r i c a , t h e m o s t p r o d u c t i v e rangelands are b e i n g t u r n e d i n t o 
c r o p l a n d a s t h e d e m a n d f o r arable l a n d increases ( C l e a v e r a n d S c h r i e b e r 
1 9 9 4 ; W i l l i a m s 1 9 9 8 ) . 
I n t h e r ange land sys t em, t h e scope f o r increas ing range forage p r o d u c t i o n 
p e r u n i t area t h r o u g h t h e i n t r o d u c t i o n o f i m p r o v e d forage species a n d use o f 
ino rgan ic f e r t i l i z e r i s l i m i t e d because these t echno log ies are n o t cos t -e f fec t ive 
u n d e r ex t ens ive grazing sy s t em. T h e m a i n o p t i o n s t o i m p r o v e f eed ava i l ab i l i t y i n 
t h i s s y s t e m i n c l u d e c o n t r o l l e d grazing t o p r e v e n t pas tu re deg rada t ion , 
f a c i l i t a t i o n o f h e r d m o b i l i t y a n d access t o d i f f e r e n t pas tu re areas t o t a k e 
advantage o f t h e spa t ia l a n d t e m p o r a l v a r i a b i l i t y i n f e e d ava i l ab i l i t y a n d 
i m p l e m e n t a t i o n o f e f f e c t i v e i n f o r m a t i o n sys tems o n f eed ava i l ab i l i t y i n d i f f e r e n t 
areas a n d ear ly w a r n i n g sys tems ahead o f i m p e n d i n g f e e d shortages caused b y 
d r o u g h t . These o p t i o n s ca l l f o r a s t r e n g t h e n i n g o f loca l resource use i n s t i t u t i o n s 
t o p r o m o t e c o l l e c t i v e a c t i o n i n t h e use a n d m a n a g e m e n t o f rangelands or, w h e r e 
these i n s t i t u t i o n s have p r o v e d inadequa te , t h e e s t a b l i s h m e n t o f n e w ones t o 
nego t i a t e a n d guarantee t h e r igh t s o f pastoral is ts t o f e e d resources. 
I n t h e m i x e d c r o p - l i v e s t o c k sys t em, c r o p res idue p r o d u c t i o n has n o t 
inc reased p r o p o r t i o n a t e l y w i t h increases i n c r o p y i e ld s s i m p l y because t h e 
emphas i s i n t h e past has b e e n o n m a x i m i z i n g g ra in y i e l d . I n t h i s sys t em, 
t echno log ie s t h a t increase t h e q u a n t i t y a n d q u a l i t y o f c r o p residues t h r o u g h t h e 
use o f i m p r o v e d geno types o f f o o d - f e e d c rops a n d a g r o n o m i c prac t ices r e m a i n 
t h e m o s t p r o m i s i n g a p p r o a c h f o r increas ing f e e d supply . T h e successful 
a d o p t i o n o f these t echno log ies , h o w e v e r , w i l l d e p e n d o n a p p r o p r i a t e socio-
e c o n o m i c a n d m a r k e t c o n d i t i o n s ( W i l l i a m s e t a l . 1 9 9 7 ) . S imi l a r l y , t h e 
i n t r o d u c t i o n , a d a p t a t i o n a n d a d o p t i o n o f herbaceous l egumes a n d m u l t i p u r p o s e 
l e g u m i n o u s t rees w i l l enhance f u t u r e f e e d s u p p l y i n m i x e d systems. 
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Nutrient management 
D e p l e t i o n o f so i l n u t r i e n t s i n m a n y pa r t s o f t h e s e m i - a r i d t r o p i c s i s a c r i t i c a l 
c o n s t r a i n t t o f e e d a n d f o o d p r o d u c t i o n a n d a v e r y ser ious cause o f so i l 
d e g r a d a t i o n . I t i s o n e f a c t o r t h a t causes l a n d e x t e n s i f i c a t i o n . A s t h e d i scuss ion 
u n d e r t h e m i x e d f a r m i n g sys tems ind ica tes , l i v e s t o c k p l a y a n i m p o r t a n t r o l e i n 
so i l f e r t i l i t y m a i n t e n a n c e i n sub-Saharan A f r i c a t h r o u g h t h e s u p p l y o f m a n u r e . 
H o w e v e r , v i l l age - ( W i l l i a m s e t a l . 1 9 9 5 ) a n d r e g i o n a l - l e v e l (Fe rnandez -Rive ra 
e t a l . 1 9 9 5 ) s tud ies i n t h e s e m i - a r i d zone o f W e s t A f r i c a have s h o w n t h a t 
a l t h o u g h m a n u r e i s a c r i t i c a l r e source i n t h i s s y s t e m , i t s a v a i l a b i l i t y i s l i m i t e d 
a n d m a n u r e a lone c a n n o t sus ta in so i l f e r t i l i t y . B e y o n d t h e n u t r i e n t s t h a t can b e 
p r o v i d e d b y an ima l s , i no rgan ic so i l n u t r i e n t s a n d f e e d s u p p l e m e n t s f r o m 
o u t s i d e t h e f a r m o r c o m m u n i t y are n e e d e d t o m a i n t a i n t h e n u t r i e n t ba lance i n 
m a n y sys tems, p a r t i c u l a r l y i n t h e m i x e d s y s t e m . W h i l e t h e nega t ive 
e n v i r o n m e n t a l consequences o f f e r t i l i z e r use m u s t b e a v o i d e d , i n m o s t 
d e v e l o p i n g c o u n t r i e s t h e p r o b l e m i s n o t excessive, b u t i n s u f f i c i e n t a n d 
i n a p p r o p r i a t e f e r t i l i z e r use. T o increase t o t a l f a r m p r o d u c t i v i t y i n m a n y m i x e d 
f a r m i n g sys tems, a n i n t e g r a t e d n u t r i e n t m a n a g e m e n t a p p r o a c h t h a t c o m b i n e s 
o rgan ic a n d i n o r g a n i c sources o f so i l n u t r i e n t s a n d f e e d resources i s n e e d e d i n 
c o n t r a s t t o t h e c o m p o n e n t p i e c e m e a l m e t h o d s c u r r e n t l y i n use i n m o s t areas. 
Animal and human health concerns 
B e t w e e n t h e ea r ly 1980s a n d 1990s , m a n y c o u n t r i e s i n sub-Saharan A f r i c a 
i m p l e m e n t e d s t r u c t u r a l a d j u s t m e n t a n d e c o n o m i c r e f o r m p r o g r a m s t h a t 
r e d u c e d t h e r o l e o f t h e s ta te i n t h e p r o v i s i o n o f v e t e r i n a r y services. T h i s 
r e d u c t i o n i n p u b l i c v e t e r i n a r y services has l e d t o a resurgence o f e n d e m i c 
a n i m a l diseases a n d r e d u c e d l i v e s t o c k p r o d u c t i v i t y . T h e r e i s a c o n t i n u i n g 
d e b a t e o n t h e a p p r o p r i a t e r o l e o f t h e p u b l i c a n d p r i v a t e sec to r i n t h e p r o v i s i o n 
o f a n i m a l h e a l t h care a n d s t ra teg ic p o l i c y resea rch i s n e e d e d t o i n f o r m t h i s 
d e b a t e a n d suggest w a y s i n w h i c h t h e p r i v a t e sec to r can be e n c o u r a g e d t o f i l l 
t h e v o i d c r e a t e d b y t h e w i t h d r a w a l o f t h e s ta te i n t h e p r o v i s i o n o f c e r t a i n 
services. B e y o n d t h i s , a s t h e d e m a n d f o r f o o d o f a n i m a l o r i g i n increases a n d 
' landless ' i n d u s t r i a l l i v e s t o c k p r o d u c t i o n expands , diseases o f i n t e n s i f i c a t i o n 
w i l l b e c o m e i m p o r t a n t . I n d u s t r i a l l i v e s t o c k p r o d u c t i o n w i l l also b r i n g a b o u t 
n e w p u b l i c h e a l t h r i sks . I nc r ea sed a n i m a l c o n c e n t r a t i o n i n areas o f h i g h 
h u m a n p o p u l a t i o n d e n s i t y m a y f a c i l i t a t e t r a n s m i s s i o n o f z o o n o t i c diseases 
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s u c h a s t u b e r c u l o s i s , b ruce l lo s i s , av ian f l u a n d sa lmone l los i s b e t w e e n 
p r o d u c t i o n u n i t s a n d b e t w e e n an ima l s a n d h u m a n be ings . A p p r o p r i a t e a n i m a l 
m a n a g e m e n t s t ra tegies a n d r e g u l a t o r y measures are n e e d e d t o r e d u c e t h e 
nega t ive h u m a n h e a l t h i m p a c t s w h i l e p r o m o t i n g g o o d a n i m a l h u s b a n d r y 
p r a c t i c e s . 
Environmental issues 
A range o f d i r e c t a n d i n d i r e c t e n v i r o n m e n t a l i m p a c t s i s u s u a l l y associa ted w i t h 
l i v e s t o c k p r o d u c t i o n . S i t e - spec i f i c a n d p r o d u c t i o n sys tems r e l a t e d e f fec t s 
i n c l u d e l a n d d e g r a d a t i o n i n graz ing a n d m i x e d f a r m i n g sys tems w h i c h can 
r e d u c e o v e r a l l sys tems p r o d u c t i v i t y . T h e s e nega t ive e n v i r o n m e n t a l i m p a c t s 
o f t e n arise a s a r e s u l t o f e x t e r n a l pressures w h i c h t u r n w e l l m a n a g e d c o m m o n 
p r o p e r t y lands i n t o o p e n access areas. I n a d d i t i o n t o these d i r e c t e f fec ts , t h e r e 
are o t h e r e n v i r o n m e n t a l i m p a c t s t h a t e x t e n d b e y o n d spec i f ic p r o d u c t i o n 
sys tems a n d w h i c h are b e c o m i n g t o p i c s o f g loba l c o n c e r n . T h e s e i n c l u d e 
issues o f c l i m a t e change a n d i m p a c t s o n p r o d u c t i o n sys tems , c a r b o n 
s e q u e s t r a t i o n i n rangelands , t h e e f fec t s o f l i v e s t o c k r e a r i n g o n w i l d l i f e a n d 
e m i s s i o n o f g r e e n house gases s u c h a s c a r b o n d i o x i d e , m e t h a n e a n d n i t r o u s 
o x i d e . A p r e l i m i n a r y a t t e m p t t o assess t h e poss ib le i m p a c t s o f r a i n f a l l a n d 
t e m p e r a t u r e changes o v e r t h e n e x t f i v e decades o n p r o d u c t i o n sys tems i n sub-
Saharan A f r i c a p r e d i c t e d sh i f t s i n W e s t A f r i c a f r o m range land-based sys tems 
t o m i x e d , a n d i n East a n d s o u t h e r n A f r i c a , t h e d i sappearance o f m i x e d 
h i g h l a n d sys tems ( T h o r n t o n e t a l . 2 0 0 2 ) . W i t h r e spec t t o g r e e n house gases, 
a n i m a l s e m i t c a r b o n d i o x i d e a s a r e s u l t o f t h e i r r e s p i r a t o r y a c t i v i t i e s b u t 
m e t h a n e e m i s s i o n resu l t s f r o m t h e d i g e s t i o n o f f i b r o u s m a t e r i a l s a n d i s h i g h e s t 
w h e n f e e d q u a l i t y a n d l e v e l o f a n i m a l p r o d u c t i o n i s l o w . N i t r o u s o x i d e i s 
p r o d u c e d i n a n i m a l m a n u r e . T h e cha l l enge w i l l b e t o m i n i m i z e these emiss ions 
t h r o u g h t e c h n o l o g i e s t h a t p r o d u c e b e t t e r q u a l i t y f e e d a n d t h r o u g h i m p r o v e d 
m a n u r e c o l l e c t i o n , s torage a n d u t i l i z a t i o n . 
Research implications 
Research i s n e e d e d t o g u i d e t h e process o f change a n d a d a p t a t i o n t h a t t h e 
l i v e s t o c k sys tems i n t h e s e m i - a r i d t r o p i c s w i l l u n d e r g o i n response t o i nc reased 
d e m a n d f o r l i v e s t o c k p r o d u c t s a n d t o m i n i m i z e t h e e n v i r o n m e n t a l a n d h e a l t h 
r i sks t h a t m a y b e assoc ia ted w i t h t h e e x p a n s i o n o f p r o d u c t i o n . T h i s resea rch 
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w i l l span t h e c o n t i n u u m f r o m basic t o a d a p t i v e research a n d w i l l i n v o l v e 
t e c h n i c a l a s w e l l a s s o c i o - e c o n o m i c a n d p o l i c y w o r k c o n d u c t e d i n a 
p a r t i c i p a t o r y m a n n e r , w i t h f a r m e r s a n d pas tora l i s t s i n a c e n t r a l p o s i t i o n . T h e y 
are t h e ones w i t h t h e greates t k n o w l e d g e o f l o c a l c o n d i t i o n s a n d needs a n d 
t h e y m u s t b e i n v o l v e d i n t h e research process . 
F u t u r e research m u s t c o m e u p w i t h a p p r o p r i a t e t e c h n o l o g i e s t o i m p r o v e 
a n i m a l p r o d u c t i v i t y a n d b o o s t c r o p y i e l d s . Increases i n a n i m a l p r o d u c t i v i t y 
c o m e la rge ly f r o m t e c h n o l o g i c a l advances i n a n i m a l b r e e d i n g , f e e d p r o d u c t i o n 
a n d i t s e f f i c i e n t u t i l i z a t i o n b y an ima l s a n d disease c o n t r o l . C r o p b r e e d i n g a n d 
a g r o n o m i c research t o i m p r o v e g r a i n a n d s tover y i e l d s a n d t h e n u t r i t i v e va lue 
o f c r o p res idues w i l l serve t o increase f e e d ava i l ab i l i t y . I m p r o v i n g soi l f e r t i l i t y 
i s c r u c i a l t o inc reas ing o v e r a l l a g r i c u l t u r a l p r o d u c t i v i t y i n t h e s e m i - a r i d t r o p i c s . 
I n a d d i t i o n t o m a n u r e , w h i c h i s a l ready c o m m o n l y used , o t h e r o rgan ic sources 
o f n u t r i e n t s a n d i no rgan i c f e r t i l i z e r s w i l l also be n e e d e d as w e l l as research o n 
i m p r o v e d n u t r i e n t c y c l i n g t o r e d u c e n u t r i e n t losses. U s e o f c e r ea l - l egume 
m i x t u r e s a n d i n t r o d u c t i o n o f f o d d e r shrubs a n d t rees , f o r e x a m p l e , 
a g r o f o r e s t r y sys tems w i t h t h r e e s t ra ta : grass, l e g u m i n o u s f o d d e r shrubs , a n d 
t rees , w i l l i m p r o v e f e e d a v a i l a b i l i t y a n d so i l f e r t i l i t y , p r o v i d e v e g e t a t i o n c o v e r 
a n d r e d u c e so i l e r o s i o n a n d pressure o n rangelands . A g r o n o m i c a n d eco log ica l 
s tud ies o n t h e l o n g - t e r m e f fec t s o f g raz ing o n t h e v e g e t a t i o n a n d soi l a t 
d i f f e r e n t spa t ia l scales (e .g. w a t e r s h e d , v i l l age a n d f a r m levels) w i l l be n e e d e d 
t o i n f o r m dec is ions o n a p p r o p r i a t e graz ing r eg imes . 
N e w s c i e n t i f i c k n o w l e d g e i n g e n o m i c s a n d b i o t e c h n o l o g y can b e 
e m p l o y e d t o speed u p t e c h n o l o g y d e v e l o p m e n t , f o r e x a m p l e , i n m a r k e r 
assisted s e l e c t i o n o f des i rab le t r a i t s i n d u a l p u r p o s e cereals a n d l e g u m e s o r i n 
t h e m a n i p u l a t i o n o f r u m e n f u n c t i o n t o m a x i m i z e r u m i n a n t s ' c apac i t y t o d iges t 
roughage a n d r e d u c e f e r m e n t a t i o n gases ( C H 4 a n d C O 2 ) t h a t c o n t r i b u t e t o 
g l o b a l w a r m i n g . O v e r a l l , t e c h n i c a l research s h o u l d b e geared t o w a r d 
p r o d u c i n g a d i v e r s i f i e d range o f t e c h n o l o g i c a l o p t i o n s t o su i t t h e needs o f 
f a r m e r s a n d pas tora l i s t s w i t h d i f f e r e n t r e source e n d o w m e n t s , m a n a g e m e n t 
sk i l l s a n d a b i l i t y t o bea r r i s k . 
A t t h e same t i m e t h a t research o n t h e t e c h n o l o g i c a l f r o n t i s b e i n g 
p u r s u e d , s o c i o - e c o n o m i c , i n s t i t u t i o n a l a n d p o l i c y research w i l l be n e e d e d t o 
i d e n t i f y i n c e n t i v e s , p o l i c y a n d i n s t i t u t i o n a l s t rategies t o i m p r o v e t e c h n o l o g y 
a d o p t i o n a n d u t i l i z a t i o n a n d encourage c o l l e c t i v e a c t i o n i n t h e m a n a g e m e n t o f 
g raz ing resources . T h i s i s because a n i m a l p r o d u c t i o n i s s t r o n g l y i n f l u e n c e d by 
c u l t u r a l , i n s t i t u t i o n a l a n d s o c i o - e c o n o m i c fac to r s s u c h a s e t h n i c i t y , d i f f e rences 
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i n access t o resources , h o u s e h o l d a n d c o m m u n i t y d e c i s i o n - m a k i n g a n d a s s u c h 
l i v e s t o c k r e a r i n g needs t o b e v i e w e d n o t o n l y f r o m a p r o d u c t i o n p e r s p e c t i v e , 
b u t also f r o m t h e w i d e r s o c i o - e c o n o m i c a n d i n s t i t u t i o n a l s e t t i n g . Research o n 
t h e bes t i n s t i t u t i o n a l a r r a n g e m e n t s t o gua ran tee pas to ra l i s t s ' access r i g h t s t o 
dry-season graz ing areas a n d m e c h a n i s m s f o r c o m m u n i t y - b a s e d c o n f l i c t 
r e s o l u t i o n t o dea l w i t h p r o b l e m s b e t w e e n pas tora l i s t s a n d seden ta ry f a r m e r s 
o v e r access t o l a n d a n d w a t e r w o u l d b e u s e f u l t o i m p r o v e l i v e s t o c k 
p r o d u c t i v i t y a n d r e d u c e l a n d d e g r a d a t i o n i n t h e r a n g e l a n d a n d r a i n f e d c r o p -
l i v e s t o c k sys tems . 
O n a n o t h e r f r o n t , t h e p r o j e c t e d u p s u r g e i n t h e d e m a n d f o r l i v e s t o c k 
p r o d u c t s a n d t h e changes i t w o u l d b r i n g a b o u t i n l i v e s t o c k p r o d u c t i o n 
p rac t i ce s raises a n u m b e r o f ques t ions , w h i c h w i l l n e e d t o be ana lyzed t h r o u g h 
s o c i o - e c o n o m i c a n d p o l i c y research . For ins tance , w i l l t h e t r e n d s o b s e r v e d a n d 
p r o j e c t e d f o r i nc reased l i v e s t o c k p r o d u c t i o n p r o v i d e e m p l o y m e n t f o r t h e p o o r 
i n s u c h a w a y a s t o n a r r o w t h e i n c o m e gap b e t w e e n t h e p o o r a n d w e a l t h i e r 
g r o u p s o r w i l l i t a ccen tua t e i n c o m e d ispar i t i es? W h a t i n c e n t i v e s a n d p o l i c i e s 
are n e e d e d t o ensure s m a l l h o l d e r p a r t i c i p a t i o n i n m a r k e t - o r i e n t e d 
p r o d u c t i o n ? W i l l t h e t r e n d s t o w a r d s inc reased i n t e n s i f i c a t i o n m a k e 
s m a l l h o l d e r p r o d u c e r s u n c o m p e t i t i v e vis-a-vis large-scale p r o d u c e r s , g i v e n t h e 
large e c o n o m i e s o f scale t h a t t h e l a t t e r g r o u p can d e r i v e f r o m huge c a p i t a l a n d 
t e c h n o l o g y i n v e s t m e n t s ? W h a t measures are n e e d e d t o ensure t h a t smal l -sca le 
p r o d u c e r s w i l l s t i l l b e able t o c o m p e t e w i t h t h e large-scale p r o d u c e r s as. h e a l t h 
a n d q u a l i t y s tandards rise? H o w s h o u l d l o c a l - l e v e l i n s t i t u t i o n s b e o r g a n i z e d t o 
p r o m o t e c o o p e r a t i v e a c t i o n , w h i c h smal l -sca le p r o d u c e r s w i l l n e e d t o r e d u c e 
t h e h i g h t r ansac t ions costs o f p rocess ing l i v e s t o c k p r o d u c t s t h a t m a y act a s 
m a r k e t e n t r y ba r r i e r s t o t h e m ? 
O v e r a l l , c o n s i d e r i n g t h e t e c h n i c a l , s o c i o - e c o n o m i c a n d p o l i c y resea rch 
needs , i t i s c lear t h a t o n l y a n i n t e g r a t e d p a r t i c i p a t o r y research a p p r o a c h w i t h 
a n emphas i s o n t h e w h o l e p r o d u c t i o n s y s t e m a n d v a l u e - c h a i n can m a k e a 
t a n g i b l e i m p a c t i n i m p r o v i n g l i v e s t o c k p r o d u c t i v i t y a n d t h e l i v e l i h o o d s o f t h e 
p o o r f a r m e r s a n d l i v e s t o c k keeper s i n t h e s e m i - a r i d t r o p i c s . 
Policy and inst i tut ional env i ronment 
T h e success o f i nves tmen t s i n t h e p r o m i s i n g technologies and approaches 
discussed i n t h e p rev ious sec t ion w i l l d e p e n d o n a n enabl ing e n v i r o n m e n t t h a t 
p r o m o t e s t echno logy a d o p t i o n , i n n o v a t i o n , en t r ep reneu r sh ip a n d d e v o l u t i o n o f 
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p o w e r t o local - level i n s t i t u t i ons . T h e p o l i c y a n d i n s t i t u t i o n a l e n v i r o n m e n t - i n p u t 
a n d o u t p u t marke t s , c r ed i t , in teres t rate and t r ade policies, ru ra l in f ras t ruc tu re , 
ex tens ion services, and fa rmers ' se l f h e l p organizations etc - remains considerably 
w e a k in sub-Saharan A f r i c a . T h i s weakness i nh ib i t s t echno logy a d o p t i o n in several 
ways . For instance, p o o r l y d e v e l o p e d in f ras t ruc ture a n d t h i n marke t s delay t i m e l y 
avai labi l i ty and increase t h e cost o f ex te rna l i n p u t s t h e r e b y c o m p r o m i s i n g 
p r o d u c t i v i t y increase a n d avai labi l i ty o f marke t ab l e surplus. G i v e n tha t an 
appropr i a t e p o l i c y and i n s t i t u t i o n a l e n v i r o n m e n t i s c r i t i ca l to t h e successful 
a d o p t i o n o f n e w technologies , w h a t incen t ive pol icies and suppor t i n s t i t u t ions are 
needed to encourage t echno logy d i f fu s ion and adopt ion? 
I n i t i a l l y , t h e m a j o r fac to rs l i k e l y t o f a c i l i t a t e t h e a d o p t i o n o f n e w 
t e c h n o l o g i e s , p a r t i c u l a r l y t hose r e q u i r i n g p u r c h a s e d i n p u t s , are: w e l l 
f u n c t i o n i n g i n p u t a n d o u t p u t m a r k e t s , a g o o d n e t w o r k o f roads t o ensure 
access t o these m a r k e t s a n d c r e d i t a n d r e m u n e r a t i v e pr ices f o r t h e f i n a l 
p r o d u c t s . T h e c a t a l y t i c r o l e t h a t c r e d i t a n d a g o o d i n p u t s d i s t r i b u t i o n s y s t e m 
can p l ay i n p r o m o t i n g sus ta inable i n t e n s i f i c a t i o n o f c r o p - l i v e s t o c k sys tems 
have b e e n d e m o n s t r a t e d in m a n y case s tud ies across w e s t , east a n d s o u t h e r n 
A f r i c a ( W i l l i a m s , e t a l . 2 0 0 0 ) . A l t h o u g h researchers are n o t i n a p o s i t i o n t o 
i m p l e m e n t these po l i c i e s d i r e c t l y , t h e y are w e l l p l a c e d t o h i g h l i g h t t h e m a n d 
t o p o i n t o u t t h e i r s ign i f icance t o p o l i c y m a k e r s u s ing va r ious m e d i a i n c l u d i n g 
w o r k s h o p s , seminars a n d p o l i c y b r i e f s . I d e n t i f y i n g p o l i c y o p t i o n s t h a t are 
feasible f r o m t h e p o l i c y m a k e r s ' p e r s p e c t i v e a n d are accep tab le t o f a r m e r s i s 
a n i m p o r t a n t research a c t i v i t y i n any ques t t o i m p r o v e p r o d u c t i v i t y a n d 
sus ta inable m a n a g e m e n t o f n a t u r a l resources . 
F u r t h e r , i n m o s t A f r i c a n c o u n t r i e s , i n s t i t u t i o n a l changes are n e e d e d t o 
e m p o w e r f a r m e r s ' o rgan iza t ions t o f i l l t h e v a c u u m c r e a t e d b y t h e w i t h d r a w a l 
o f t h e s ta te f r o m t h e p r o v i s i o n o f e x t e n s i o n services. I n s t i t u t i o n a l changes 
m i g h t i n c l u d e f o r m a t i o n o f f a r m e r s ' associat ions, coope ra t i ve s a n d 
d e c e n t r a l i z a t i o n o f e x t e n s i o n services w h e r e t h e y s t i l l ex i s t w i t h m o r e loca l 
g o v e r n m e n t c o n t r o l . H u m a n capac i t y b u i l d i n g a n d t r a i n i n g i n s u c h areas a s 
m a n a g e m e n t a n d l eade r sh ip p rac t i ces , o rgan iza t iona l p l a n n i n g a n d c o n f l i c t 
r e s o l u t i o n sk i l l s w i l l be n e e d e d t o p r o m o t e t h e e s t a b l i s h m e n t o f loca l se l f h e l p 
o rgan iza t ions t o serve t h e in te res t s a n d c h a m p i o n t h e cause o f s m a l l h o l d e r 
f a r m e r s a n d pas tora l i s t s . 
Conclusions 
T h e r e v i e w o f t r e n d s a n d m a j o r issues a f f e c t i n g l i v e s t o c k p r o d u c t i o n sys tems 
i n t h e s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a p r e s e n t e d i n t h i s paper p r o v i d e s 
a g l i m p s e o f t h e tasks t h a t l i e ahead . T h e r e are n e w o p p o r t u n i t i e s t o b e t a p p e d 
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a n d chal lenges t o b e s u r m o u n t e d . O p p o r t u n i t i e s arise f r o m t h e 
u n p r e c e d e n t e d g r o w t h i n d e m a n d f o r f o o d o f a n i m a l o r i g i n , w h i c h , i f p r o p e r l y 
m a n a g e d , can raise i n c o m e s a n d enhance t h e n u t r i t i o n a l s ta tus o f t h e p o o r i n 
sub-Saharan A f r i c a . H o w e v e r , t h e o p p o r t u n i t i e s c r e a t e d b y r a p i d l y inc reas ing 
d e m a n d f o r l i v e s t o c k p r o d u c t s m a y c o n f l i c t w i t h t h e l i m i t e d p o t e n t i a l t o 
e x p a n d t h e c o n v e n t i o n a l r e source base g i v e n t h a t area e x p a n s i o n i s no l onge r 
a n o p t i o n i n m a n y pa r t s o f sub-Saharan A f r i c a . F u r t h e r m o r e , a m a j o r 
p r o d u c t i v i t y gap m e a s u r e d i n t e r m s o f t h e d i f f e r e n c e b e t w e e n t h e l eve l o f 
o u t p u t a t t a inab l e a n d w h a t i s c u r r e n t l y a t t a i n e d p e r a n i m a l r e m a i n s . T h i s gap 
m u s t b e c l o s e d w i t h o u t j e o p a r d i z i n g t h e l o n g - t e r m p r o d u c t i v e c a p a c i t y o f t h e 
n a t u r a l r e source base. T h e n e e d t o l i n k inc reased l i v e s t o c k p r o d u c t i v i t y w i t h 
i m p r o v e d m a n a g e m e n t o f n a t u r a l resources calls f o r a n i n t e g r a t e d research 
a p p r o a c h w i t h a g rea te r emphas i s o n i m p r o v i n g w h o l e p r o d u c t i o n sys tems , i n 
a m a r k e t - o r i e n t e d f a sh ion , r a t h e r t h a n f o c u s i n g o n spec i f ic c o m m o d i t i e s . T h e 
c o m p l e x i t y a n d range o f p r o b l e m s t o b e so lved are such t h a t t h e y c a n n o t b e 
a d e q u a t e l y addressed t h r o u g h a m o n o - d i s c i p l i n a r y a p p r o a c h . M u l t i -
d i s c i p l i n a r y c o l l a b o r a t i o n a n d p a r t i c i p a t o r y approaches are n e e d e d t o e l i c i t 
a n d i n c o r p o r a t e s t a k e h o l d e r s ' pe r spec t ives i n t o p r o b l e m diagnosis , research 
des ign a n d t e c h n o l o g y d e v e l o p m e n t . B u t apa r t f r o m d e v e l o p i n g n e w 
t e c h n o l o g i e s , a p p r o p r i a t e po l i c i e s are n e e d e d t o p r o v i d e e c o n o m i c i n c e n t i v e s 
f o r sus ta inable g r o w t h o f l i v e s t o c k p r o d u c t i o n i n t h e s e m i - a r i d t r o p i c s o f sub-
Saharan A f r i c a i n t h e c o m i n g decades . 
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Crop technology: Trends and prospects 
R o d o m i r o O r t i z 1 
A g r i c u l t u r e i s s t i l l t h e m o s t i m p o r t a n t e c o n o m i c a c t i v i t y a n d source o f i n c o m e 
i n sub-Saharan A f r i c a . H e n c e , r u r a l sec tor d e v e l o p m e n t t h r o u g h p u b l i c a n d 
p r i v a t e e n t r e p r e n e u r s o f fe r s a means f o r a l l e v i a t i n g p o v e r t y a n d e n h a n c i n g t h e 
l i v e l i h o o d s o f r u r a l p e o p l e , w h o g r o w s o m e w h a t r e sea rch-neg lec ted c rops 
w i t h m i n i m u m i n p u t s i n r i s k y e n v i r o n m e n t s o f t h e s e m i - a r i d t r o p i c s t h a t are 
a f f e c t e d b y u n p r e d i c t a b l e w e a t h e r , l i m i t e d a n d e r r a t i c r a i n f a l l , d r o u g h t , 
n u t r i e n t - p o o r soils, a s w e l l a s pes t a n d diseases. C r o p gene t ic i m p r o v e m e n t 
p r o v i d e s a means f o r address ing m a j o r cons t r a in t s a n d p rospec t s i n t h e s e m i -
a r i d t r o p i c s i f w i t h i n t h e f r a m e w o r k o r a m a r k e t - d r i v e n research agenda t h a t 
w i l l c o n s i d e r b o t h i n p u t a n d o u t p u t t r a i t s . I n p u t t r a i t s s u c h as res is tance t o 
i n sec t pests , diseases (bac te r i a , f u n g i , v i ruses ) , a n d w e e d s s u c h as s t r iga, o r 
accep tab le p e r f o r m a n c e i n s t ress-prone e n v i r o n m e n t s (e .g . o w i n g t o d r o u g h t , 
hea t o r s a l i n i t y ) l e a d t o y i e l d s t ab i l i t y , w h i l e o u t p u t t r a i t s a f f e c t i n g q u a l i t y a n d 
end-uses p r o v i d e s n e w o p t i o n s f o r gene ra t i ng o r i m p r o v i n g peop le ' s i n c o m e s . 
An internat ional agenda in research-for-
deve lopment 
T h e r e are t w o i m p o r t a n t p i l l a r s i n i n t e r n a t i o n a l a g r i c u l t u r a l research, n a m e l y 
i n t e g r a t e d gene m a n a g e m e n t a n d i n t e g r a t e d n a t u r a l resources m a n a g e m e n t , 
w h i c h i n c l u d e s i n t e g r a t e d pes t m a n a g e m e n t . B o t h p i l l a r s t o g e t h e r w i t h soc io-
e c o n o m i c s a n d p o l i c y analysis c o n s t i t u t e t h e focus o f t h e c o r e o f a n 
i n t e r n a t i o n a l research agenda f o r a g r i c u l t u r e i n t h e d e v e l o p i n g w o r l d ( O r t i z , i n 
press) . B y w o r k i n g i n these d o m a i n s , any i n t e r n a t i o n a l c e n t e r a n d i t s research 
p a r t n e r s i n t h e n a t i o n a l a g r i c u l t u r a l research sys tems, a d v a n c e d research 
i n s t i t u t e s , c i v i l socie ty , s is ter cen te r s o f t h e C o n s u l t a t i v e G r o u p o n 
I n t e r n a t i o n a l A g r i c u l t u r a l Research ( C G I A R ) , a n d o t h e r s t akeho lde r s w i l l be 
ab le t o ach ieve i t s m i s s i o n , i .e . a p p l y i n g science t o i m p r o v e a g r i c u l t u r e i n areas 
o f t h e w o r l d w h e r e " m a r g i n a l c r o p s are g r o w n o n m a r g i n a l lands w i t h m a r g i n a l 
1. International Institute of Tropical Agriculture (IITA), Oyo State, Nigeria. 
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resources". Enhanced a n d su s t a ined c r o p p r o d u c t i v i t y w i l l , i n d e e d , h e l p t o 
i m p r o v e h u m a n h e a l t h a n d r u r a l h o u s e h o l d f o o d secur i ty . 
I n t e r n a t i o n a l r esea rch cen te r s m u s t m o v e i n t o t h e n e w m i l l e n n i u m b y 
p r o p e r l y address ing t h e chal lenges o f sus t a in ing f o o d secur i ty , a l l e v i a t i n g 
p o v e r t y a n d p r o t e c t i n g t h e e n v i r o n m e n t , b y b e i n g p r o a c t i v e i n i t s n e w t r i p l e 
r o l e a s b r idges , b r o k e r s a n d ca ta lys ts i n r u r a l d e v e l o p m e n t ( O r t i z , i n press) . 
Profess ionals w o r k i n g i n i n t e r n a t i o n a l a g r i c u l t u r e s h o u l d b e c o m e research 
b r i d g e s b y f o s t e r i n g t h e i n t e r n a t i o n a l sha r ing o f k n o w l e d g e , sk i l l s a n d 
t e c h n o l o g y , e.g. b y m a k i n g avai lable o n l i n e c r o p a n d r e source i n f o r m a t i o n 
databases o r t h r o u g h t e c h n o l o g y exchange ( M a h a l a k s h m i e t a l . i n press) . T h e y 
w i l l b e i n t e r n a t i o n a l b r o k e r s w h e n h e l p i n g t h e i r p a r t n e r s t o n e g o t i a t e 
a ccep t ab l e t r a n s a c t i o n t e r m s o n i n t e l l e c t u a l , gene t i c a n d o t h e r p r o p r i e t a r y 
assets, f o r e x a m p l e t h r o u g h m a t e r i a l t r ans f e r ag reemen t s f o r i n t e r n a t i o n a l 
p u b l i c goods ( D o d d s e t a l . 2 0 0 1 ) . Las t b u t n o t least, these sc ien t i s t s s h o u l d b e 
ca ta lys ts f o r l a u n c h i n g c r e a t i v e a n d i n n o v a t i v e approaches s u c h a s 
p a r t i c i p a t o r y research m e t h o d s f o r a n e n h a n c e d m a n a g e m e n t o f n a t u r a l 
resources , c r o p p r o t e c t i o n o r n e w b r e e d i n g t e c h n i q u e s ensu ing f r o m t h e 
advances i n a p p l i e d g e n o m i c s o f m o d e l c r o p s ( O r t i z a n d C r o u c h 2 0 0 1 ) . 
Technology ensuing for crop i m p r o v e m e n t 
w i th in a deve lopment trajectory2 
T h e r e s e a r c h - f o r - d e v e l o p m e n t agenda t o h e l p t h e m o s t d i sadvantage r u r a l 
p e o p l e l i v i n g i n t h e s e m i - a r i d t r o p i c s o f A f r i c a s h o u l d a l l o w t h e r u r a l p o o r o f 
t o d a y t o have a b r i g h t e r f u t u r e w i t h t h e a d o p t i o n o f e m e r g i n g t e c h n o l o g y 
e n s u i n g f r o m gene t i c e n h a n c e m e n t o f c r o p s ( O r t i z 2 0 0 0 ) . T h i s research- for -
d e v e l o p m e n t p h i l o s o p h y cons ide rs a " s m a l l l a n d h o l d e r d e v e l o p m e n t 
t r a j e c t o r y " f r o m subs is tence t o c o m m e r c i a l scale ( F i g u r e 1) , i n w h i c h t h e 
f a r m e r s are n o t h o m o g e n e o u s a n d resea rch p r o d u c t s s h o u l d h e l p t h e m t o 
m o v e a long t h e t r a j e c t o r y . H e n c e , p l a n t b r eede r s n e e d t o o f f e r a b r o a d a r ray o f 
p r o d u c t s because l o w i n p u t e n v i r o n m e n t s r e q u i r e a y i e l d s t a b i l i z i n g 
t e c h n o l o g y , w h e r e a s m a t c h i n g t e c h n o l o g y t o ach ieve h i g h y i e l d p o t e n t i a l 
s h o u l d b e d e v e l o p e d f o r h i g h i n p u t e n v i r o n m e n t s . S u c h a m o v i n g t a r g e t needs 
t o b e addressed b y a he t e rogeneous , b u t d y n a m i c s t ra tegy. P l a n t b reede r s 
a long t h i s t r a j e c t o r y m u s t use a l l ava i lable resea rch t o o l s f o r d e v e l o p m e n t . I n 
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2. This section ensues from discussions with MD Winslow 
Nigeria). 
(ICRISAT, India) and B Douthwaite (1ITA, 
t h i s w a y f a r m e r s i n t h e A f r i c a n s e m i - a r i d t r o p i c s m a y m o v e f r o m m a r g i n a l 
a g r i c u l t u r e t o a n i m p r o v e d s y s t e m . 
Increasing external inputs 
Figure 1 . Landho lder d e v e l o p m e n t t ra jectory (Af ter Ort iz e t a l . 2 0 0 0 ) . 
Inc reas ing p r o d u c t i v i t y p e r u n i t area leads t o m o r e f o o d , e x t r a p r o d u c e 
f o r sale a n d o t h e r c rops m a y b e i n c l u d e d d u e t o e n h a n c e d p r o d u c t i v i t y o f t h e 
l a n d . L i k e w i s e , t h e h i g h e r a n d m o r e s table y i e l d p o t e n t i a l a n d p r o f i t a b i l i t y 
p e r m i t p o o r f a r m e r s t o i n v e s t i n i n p u t s f o r p r o d u c i n g m o r e f o o d a n d i n c o m e , 
whe rea s h i g h y i e l d m a y l e ad t o r e d u c i n g f o o d p r ices f o r t h e u r b a n a n d r u r a l 
p o o r . F u r t h e r m o r e , h i g h y i e l d i n g c rops m a y p r o v i d e j o b e m p l o y m e n t f o r p o o r 
p e o p l e t h r o u g h o u t t h e t r a d e c h a i n ( f r o m harves t t o p rocess ing) . 
T h e m a i n r o l e o f sc ience i n a g r i c u l t u r e has been t o p r o p e l t h i s 
e v o l u t i o n a r y process b y g e n e r a t i n g i n n o v a t i o n s t h a t a l l o w u s t o p r o d u c e m o r e 
w i t h less l a n d a n d less e f f o r t ( D o u t h w a i t e a n d O r t i z 2 0 0 1 ) . H o w e v e r , 
s o m e t i m e s peop le ' s hopes a n d fears are c e n t e r e d o n t h e t e c h n o l o g i c a l changes 
t h a t i t m a y b r i n g . S o m e have f o u n d i t u s e f u l t o t h i n k o f t e c h n o l o g y change a s 
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- hybrids, yield potential 
- fertility responsiveness 
- plant protection systems 
(agrochemicals) 
an e v o l u t i o n a r y process . People , a s a r e su l t o f t h e pressures t h e y face a n d t h e 
o p p o r t u n i t i e s t h e y see, l e a r n a n d t h e n genera te n e w ideas, t h i n g s , a n d w a y s o f 
o rgan i z ing t h e m s e l v e s . I f these i n n o v a t i o n s w o r k w e l l t h e n o t h e r s a d o p t t h e m 
a n d t h e y spread . A g r i c u l t u r a l change i s b u i l t u p o f m a n y r e p l i c a t i o n s o f t h i s 
i n n o v a t i o n g e n e r a t i o n , s e l e c t i o n a n d d i f f u s i o n process , j u s t a s w e have e v o l v e d 
t h r o u g h coun t l e s s n a t u r a l s e l e c t i o n i t e r a t i o n s . U n l i k e n a t u r a l s e l ec t i on t h o u g h , 
t h i s " l e a r n i n g s e l e c t i o n " process i s n o t b l i n d ( D o u t h w a i t e 2 0 0 2 ) . Seen i n t h i s 
c o n t e x t b i o t e c h n o l o g y i s a su i t e o f t o o l s t h a t speeds up a g u i d e d e v o l u t i o n a r y 
process because i t a l l o w s p l a n t b reede r s t o i n t r o d u c e a g rea te r a r ray o f changes 
i n t o t h e i r c u l t i v a r s , a n d select m u c h faster t h a n t h e y c o u l d us ing c o n v e n t i o n a l 
p l a n t b r e e d i n g t e c h n i q u e s . T h e t o o l s t h a t a l l o w fas ter i n n o v a t i o n g e n e r a t i o n 
a n d s e l e c t i o n i n c l u d e f u n c t i o n a l g e n o m i c s a n d t ransgenics f o r o v e r c o m i n g 
ba r r i e r s t o a l l e le t r ans fe r a n d f o r a p p r o p r i a t e t a r g e t e d e x p r e s s i o n i n a c r o p . 
H o w e v e r , because i t i s a g u i d e d process , w h o bene f i t s d e p e n d s o n w h o 
c o n t r o l s t h e t e c h n o l o g y , w h o innova tes , h o w s e l e c t i o n dec i s ions are m a d e , a n d 
h o w i n n o v a t i o n s are p r o m u l g a t e d ( D o u t h w a i t e a n d O r t i z 2 0 0 1 ) . 
Priority sett ing for plant breeding 
C r o p i m p r o v e m e n t ob jec t ives are m a n y w h e n p u b l i c p l a n t b reede r s s u b m i t 
t h e i r w o r k p lans . A n i n t e r n a t i o n a l o r r eg iona l c r o p - b r e e d i n g p r o g r a m needs a 
c lear p r i o r i t y s e t t i n g f o r c r o p i m p r o v e m e n t w h o s e s t r u c t u r e a n d a ims are 
r e l e v a n t t o t h e t a r g e t e n v i r o n m e n t s , m a r k e t s a n d end-use r d e m a n d s . I t s h o u l d 
also c o n s i d e r t h e c o m p a r a t i v e advantage, o w i n g t o i t s c o m p e t i t i v e edge, o f t h e 
b r e e d i n g p r o g r a m s a n d t h e p rospec t s f o r i t s i m p a c t i n b o t h f a r m e r s ' f i e l d a n d 
sc ience . A n e m p h a s i s o n c r o p b r e e d i n g t o w a r d s a m a r k e t - o r i e n t e d p r o d u c t i o n 
i n t h e f a r m i n g s y s t e m , w h i c h m a y r e q u i r e m o r e e x t e r n a l i n p u t s , s h o u l d l e ad t o 
a n inc reas ing emphas i s o n p r o d u c t q u a l i t y , p rocess ing a n d n u t r i t i o n a l va lue . A s 
such , p l a n t b r e e d i n g faces n e w chal lenges t h a t n e e d q u a n t i t a t i v e i n d i c a t o r s t o 
g u i d e p r i o r i t y s e t t i n g f o r c r o p i m p r o v e m e n t . T h e n , o p t i o n s f o r c r o p gene t i c 
e n h a n c e m e n t t h r o u g h c o n v e n t i o n a l b r e e d i n g o r b i o t e c h n o l o g y m u s t ensue 
f r o m agreed goals a n d ob j ec t i ve s f o r d e l i v e r y o f i n n o v a t i v e g e r m p l a s m t o t h e 
end-users , i .e . b o t h f a r m e r s a n d c o n s u m e r s i n r u r a l a n d u r b a n areas. 
The plant breeding parad igm 
P l a n t b r e e d i n g p r o v i d e s a m e a n s t o c lose t h e gap b e t w e e n ac tua l a n d p o t e n t i a l 
y i e l d i n s t ressed e n v i r o n m e n t s ( i . e . m a r g i n a l d r y areas) t h r o u g h gene t i c 
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m a n i p u l a t i o n s ( A c e v e d o a n d Ferreres 1 9 9 3 ) . C r o p s o r c u l t i v a r s w i t h i n each 
c r o p are r e p l a c e d w i t h o t h e r s s h o w i n g b e t t e r f i tness i n a n e n v i r o n m e n t a l 
g r a d i e n t a r i s ing f r o m t h e p h y s i c a l l i m i t i n g u n c o n t r o l l e d fac tor . T h e r e f o r e , 
f a r m e r s a n d b reede r s search f o r c r o p t o l e r a n c e i n these g rad ien t s a r i s ing f r o m 
t h e spec i f ic stress. Breeder s k n o w w e l l t h a t c u l t i v a r s w i t h a h i g h y i e l d 
p o t e n t i a l are n o t able t o o u t y i e l d stress res i s tan t c u l t i v a r s ( i . e . a c rossover 
i n t e r a c t i o n ) i n t h e r e s p e c t i v e s t ressful e n v i r o n m e n t . These h i g h y i e l d i n g 
c u l t i v a r s m a y e v e n p e r f o r m p o o r l y i n s t ressful e n v i r o n m e n t s . 
Researchers, f a r m e r s a n d p o l i c y m a r k e r s s h o u l d also k e e p i n m i n d t h e 
p l a n t b r e e d i n g p a r a d i g m t h a t e c o n o m i c p h e n o t y p e p e r f o r m a n c e s (P) are 
i n f l u e n c e d b y m a n y fac to r s a n d t h e i r i n t e r a c t i o n s a s i n d i c a t e d i n t h e e q u a t i o n 
b e l o w ( O r t i z e t a l . 2 0 0 2 ) : 
P = G e n o t y p e x E n v i r o n m e n t x C r o p M a n a g e m e n t x Po l i cy ( a f f e c t i n g 
b o t h p e o p l e a n d m a r k e t s ) x I n s t i t u t i o n a l A r r a n g e m e n t s x Socia l 
D e m o g r a p h i c s 
T w o approaches are a d v o c a t e d f o r b r e e d i n g u n d e r stress e n v i r o n m e n t s : 
(a) inc reas ing y i e l d o n b r o a d l y a d a p t e d g e n o t y p e s (Ra ja ram e t a l . 1 9 9 7 ) o r ( b ) 
e x p l o i t i n g g e n o t y p e a d a p t a t i o n ( p a r t i c u l a r l y o f landraces a s a t least one 
p a r e n t a l source) a n d f i t c u l t i v a r s t o t h e spec i f ic t a r g e t e d e n v i r o n m e n t 
( C e c c a r e l l i 1 9 9 7 ) . T h e t w o approaches m a y s t e m f r o m a d i s t i n c t p e r s p e c t i v e 
i n u n d e r s t a n d i n g a d a p t a b i l i t y a n d a d a p t a t i o n t h a t c o u l d a f fec t t h e 
p r e s e r v a t i o n o f gene t i c v a r i a t i o n i n r e spec t i ve c r o p b r e e d i n g poo l s . 
A d a p t a b i l i t y , w h i c h d e p e n d s o n t h e avai lable gene t i c d i v e r s i t y w i t h i n each 
p o p u l a t i o n , refers t o t h e capac i t y f o r gene t i c response t o s e l ec t i on t h a t resu l t s 
i n a d a p t a t i o n . H o w e v e r , w h e n c u l t i v a r s are h i g h l y a d a p t e d t o a spec i f ic 
e n v i r o n m e n t t h e r e w i l l be less a d a p t a b i l i t y f o r e v o l u t i o n a r y change, w h i c h 
appears t o b e essent ial f o r sus t a ined c r o p i m p r o v e m e n t b y b o t h f a r m e r s a n d 
p ro fe s s iona l p l a n t b reeders . D e c e n t r a l i z e d ( t h r o u g h n e t w o r k i n g ) a n d 
p a r t i c i p a t o r y p l a n t b r e e d i n g w i t h l o c a l p a r t n e r s m a y p r o v i d e a m e a n s f o r 
c o m p r o m i s i n g b o t h approaches w h i l e b r e e d i n g i n m a r g i n a l , l o w i n p u t , 
s t ressfu l e n v i r o n m e n t s . D e c e n t r a l i z a t i o n o f p l a n t b r e e d i n g r e q u i r e s r e f i n i n g 
t a rge t areas, t a r g e t i n g l o c a l research pa r tne r s f o r c r o p i m p r o v e m e n t a n d 
s h i f t i n g r e s p o n s i b i l i t y f r o m a c e n t r a l b r e e d i n g s t a t i o n t o loca l u n d e r t a k i n g s 
( w h i c h m a y n o t o n l y i n c l u d e g e r m p l a s m t e s t i n g b u t also n e w m a t e r i a l 
g e n e r a t i o n t h r o u g h spec i f ic crosses w i t h landraces f o r f u r t h e r s e l e c t i o n ) . I n 
t h i s way , i n d i v i d u a l b r e e d i n g p r o g r a m s ( i r r e s p e c t i v e o f t h e i r size) w i l l 
d e l i b e r a t e l y m a i n t a i n gene t i c d i v e r s i t y across l oca t i ons . 
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A n e w phi losophy for genetic enhancement in 
t h e Afr ican cropping systems 
D e V r i e s a n d Toenniessen ( 2 0 0 1 ) argue s t r o n g l y f o r t h e n e e d o f b i o t e c h n o l o g y 
a n d end-use r p a r t i c i p a t o r y m e t h o d s f o r c r o p b r e e d i n g i n A f r i c a , w h i c h s h o u l d 
b e d r i v e n b y t h e needs o f t h e r u r a l p o o r t o ensure s u c h w o r k has a p o s i t i v e 
i m p a c t o n t h e i r l i v e l i h o o d s . P l a n t b r e e d i n g , t o b e c o m e c o s t - e f f e c t i v e a n d 
e f f i c i e n t i n A f r i c a , m u s t f o l l o w a n agro-ecozone a p p r o a c h w i t h f a r m e r s 
p a r t i c i p a t i n g w i t h p ro fe s s iona l p l a n t b r eede r s i n d e v e l o p i n g l o c a l l y a d a p t e d 
c u l t i v a r s . T h i s w i l l n e e d t o r e l y o n re spons ive l o c a l seed sys tems f o r i t s 
d i s s e m i n a t i o n t o t h e f a r m i n g c o m m u n i t y . A n i m p o r t a n t a i m f o r c r o p b r e e d i n g 
i n A f r i c a s h o u l d b e " t o assemble a set o f t r a i t s t h a t r e d u c e y i e l d loss a n d c o n f e r 
g r ea t e r y i e l d s t a b i l i t y " ( D e V r i e s a n d Toennienssen 2 0 0 1 ) 
D e c e n t r a l i z e d c o u n t r y - l e v e l b r e e d i n g p r o g r a m s are m a n d a t o r y because 
t he se t e a m s can o n l y o p e r a t e e f f i c i e n t l y w h e n near t h e va r ious t a r g e t e d agro-
ecozones f o r each c r o p . T h e C G I A R cen te r s s h o u l d p l a y a f a c i l i t a t i n g r o l e t o 
a l l o w these c o u n t r y - l e v e l p r o g r a m s t o s u c c e e d ( D e V r i e s a n d Toenn ienssen 
2 0 0 1 ; D o u t h w a i t e 2 0 0 2 ) . H e n c e , i n t e r n a t i o n a l cen te r s a n d a d v a n c e d research 
o rgan iza t ions s h o u l d a l l oca t e t h e i r resources t o t a c k l i n g w i t h i n n o v a t i v e c r o p 
b r e e d i n g m e t h o d s - i n c l u d i n g b i o t e c h n o l o g y , t h e m o s t " i n t r a c t a b l e " o r 
d i f f i c u l t t o - b r e e d - f o r t r a i t s t h a t a f f ec t c r o p p r o d u c t i v i t y i n A f r i c a n s e m i - a r i d 
t r o p i c s . 
T h e n e x t pages g ive a n o v e r v i e w o f advances i n i n t e g r a t e d gene 
m a n a g e m e n t s h o w i n g e x a m p l e s f o r f a c i l i t a t i n g access a n d use b y p l a n t 
b reeders , successes i n p a r t i c i p a t o r y p l a n t b r e e d i n g , a n d d e p l o y i n g 
b i o t e c h n o l o g y f o r c r o p gene t i c e n h a n c e m e n t i n t h e d e v e l o p i n g w o r l d , 
p a r t i c u l a r l y t h e s e m i - a r i d t r o p i c s o f A f r i c a . 
On-going germplasm enhancement in the CGIAR 
T h e c u r r e n t ob j ec t i ve s o f t h e i n t e r n a t i o n a l cen te r s o f t h e C G I A R are t o 
i m p r o v e b r e e d i n g p o p u l a t i o n s o f m a j o r w o r l d c rops , a n d release t h i s advance 
g e r m p l a s m t o m e e t f a r m e r ' s needs i n t h e d e v e l o p i n g w o r l d ( O r t i z 1 9 9 9 ) . 
C G I A R b r e e d e r s are d e v e l o p i n g b road -based g e r m p l a s m p o p u l a t i o n s w i t h 
p o t e n t i a l f o r l o c a l a d a p t a t i o n a n d s table p e r f o r m a n c e i n t a r g e t e d agro-
ecozones . L o c a l a d a p t a t i o n s h o u l d c o n s i d e r res is tance t o pes t a n d diseases, 
t o l e r a n c e o f a b i o t i c s t ress(es) , a n d end-use r d e m a n d ( s ) . T h e end-use r d e m a n d 
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d e p e n d s o n t h e c r o p p i n g sy s t em, d e r i v e d p r o d u c t ( s ) , a n d q u a l i t y f o r f r e sh 
m a r k e t , s torage, a n d process ing . 
G e n e t i c gains i n successful b r e e d i n g p r o g r a m s r e s u l t n o t o n l y f r o m a h i g h 
h e r i t a b i l i t y f o r t h e t a rge t t r a i t ( s ) p lu s a h i g h s e l ec t i on i n t e n s i t y , b u t also f r o m 
c o m b i n i n g h i g h m e a n w i t h b r o a d gene t ic va r iance f o r t a rge t t r a i t ( s ) i n t h e 
source p o p u l a t i o n , a m i n i m u m n u m b e r o f years a n d sites f o r t e s t i n g , a n d a 
d y n a m i c s e l ec t i on a p p r o a c h ( O r t i z a n d G o l m i r z a i e 2 0 0 2 ) . B r e e d i n g p lans f o r 
any c r o p s h o u l d r e l y o n i n f o r m a t i o n a b o u t t h e t a rge t p o p u l a t i o n a n d da ta 
analysis o f gene t i c e x p e r i m e n t s . I n t h i s w a y t h e b r e e d i n g p l a n w i l l i n c l u d e 
l og i ca l s teps s u c h as c h o o s i n g a p p r o p r i a t e pa ren t s f o r c ross ing schemes, ear ly 
o r l a te s e l e c t i o n i n segregat ing o r c lona l genera t ions - d e t e r m i n e d by t r a i t 
h e r i t a b i l i t y , a n d a d e q u a t e e n v i r o n m e n t s a m p l i n g ( i . e . n u m b e r o f l oca t ions a n d 
years) f o r t e s t i n g a d v a n c e d b r e e d i n g m a t e r i a l s . O f course , these b r e e d i n g 
p lans d e p e n d o n ob jec t ives , o p e r a t i o n costs, c u l t u r a l p rac t i ces i n t a r g e t e d 
e n v i r o n m e n t s a n d even p o l i c y a f f e c t i n g c u l t i v a r d e v e l o p m e n t a n d m a r k e t i n g . 
N o n e t h e l e s s , t h e m a j o r goal o f t h e b r e e d i n g p l a n w i l l a lways be t o enhance t h e 
e f f i c i e n c y o f t h e s e l e c t i o n process . 
O n - s t a t i o n genet ic enhancement ( F i g u r e 2 ) . T h e p r o g r a m star ts w i t h t h e 
c o l l e c t i o n o f p l a n t gene t i c resources i n f a r m e r s ' f i e lds a n d l oca l m a r k e t s . G e n e 
b a n k c u r a t o r s d e f i n e co re subsets w i t h passpor t a n d c h a r a c t e r i z a t i o n 
d e s c r i p t o r s . G e n e t i c i s t s m a k e crosses a c c o r d i n g t o t h e b r e e d i n g goals t o 
d e t e r m i n e t h e genet ics o f t a rge t cha rac te r i s t i c s . Breeders d e v e l o p i m p r o v e d 
g e r m p l a s m t h r o u g h p o p u l a t i o n i m p r o v e m e n t m e t h o d s . Parents are s e l ec t ed 
based o n t h e i r genera l c o m b i n i n g ab i l i t y , a n d e l i t e crosses chosen a c c o r d i n g t o 
t h e i r spec i f ic c o m b i n i n g ab i l i t y . T h e c y c l i c a l r e c u r r e n t s c h e m e beg ins w i t h t h e 
release t o n a t i o n a l a g r i c u l t u r a l research sys tems o f e l i t e p r o g e n i t o r s , a d v a n c e d 
l ines , h y b r i d s o r c lones , a n d o p e n p o l l i n a t e d p o p u l a t i o n s , c o m p o s i t e crosses, 
s y n t h e t i c s o r c u l t i v a r m i x t u r e s . 
Best l i nea r u n b i a s e d e s t i m a t o r s ( B L U E ) a n d bes t l i nea r u n b i a s e d 
p r e d i c t o r s ( B L U P ) m a y b e i n c l u d e d t o d e t e r m i n e t h e b r e e d i n g va lue o f 
p a r t i c u l a r i n d i v i d u a l s i n s e l ec t ed p o p u l a t i o n s . T h e y are bes t because t h e y have 
a m i n i m u m s a m p l i n g va r i ance a n d are l inea r f u n c t i o n s o f o b s e r v e d geno types . 
T h e c o n v e n t i o n a l s e l e c t i o n i n d e x s h o u l d be c o n s i d e r e d a s a specia l case o f 
B L U P w i t h k n o w n f i x e d e f fec t s (Fa lcone r a n d M a c k a y 1 9 9 6 ) . D N A m a r k e r s 
m a y also p r o v i d e a m e a n s f o r i n d i r e c t s e l e c t i o n o f c o m p l e x charac te r i s t i c s . 
A l s o , g e n o m e research w i t h m o l e c u l a r m a r k e r s m a y "unleash t h e gene t i c 
p o t e n t i a l o f o u r w i l d a n d c u l t i v a t e d g e r m p l a s m resources" (Tanks ley a n d 
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M c C o u c h 1 9 9 7 ) . Fo r e x a m p l e , D N A m a r k e r - a i d e d analysis c o u l d i d e n t i f y 
spec i f i c c h r o m o s o m e reg ions o f e x o t i c g e r m p l a s m t o b e a d d e d t o b r e e d i n g 
p o p u l a t i o n s . 
On station germplasm enhancement 
Collection from farmers and markets 
Gene-bank (conservation, characterization, core subsets) 
Crosses to determine genetics (e.g. mapping QTL) and start breeding 
Population improvement of pops, based on GCA (parents), SCA (crosses) 
(Cyclical recurrent scheme starts by releasing to NARS elite 
progenitors, and advanced lines, hybrids, or clones, as well as open 
pollinated populations, composites, synthetics and cultivar mixtures) 
Figure 2 . O n s ta t ion gene t ic e n h a n c e m e n t i n a n i n t e r n a t i o n a l p r o g r a m . GCA 
a n d SCA re fer to g e n e r a l a n d specific c o m b i n i n g abi l i ty , w h e r e a s NARS 
m e a n s n a t i o n a l agr icu l tura l research system (a f te r Or t iz 1 9 9 9 ) . 
A d a p t i v e m u l t i - l o c a t i o n a l t es t ing i n ta rge t env i ronmen t s (F igu re 3 ) . G e r m p l a s m 
re leased t o n a t i o n a l p a r t n e r s b y a n i n t e r n a t i o n a l b r e e d i n g p r o g r a m has b e e n 
o f t e n t e s t e d i n m u l t i - l o c a t i o n a l e x p e r i m e n t s . S ta t i s t i c s p r o v i d e a m e a n s t o 
l o c a l b r e e d e r s t o se lec t s tab le h i g h - y i e l d i n g g e n o t y p e s . T h i s l o c a l s e l e c t i o n o f 
m a t e r i a l f r o m a b r o a d l y based g e r m p l a s m m a y r e s u l t i n t h e d e v e l o p m e n t o f 
a d a p t e d c u l t i v a r s r e s i s t an t t o o r t o l e r a n t o f e n d e m i c stresses. S o m e o f t h e 
l o c a l l y a d a p t e d a d v a n c e d m a t e r i a l s are n o t o n l y f o r c u l t i v a r release b u t also 
t h e y m a y b e i n c o r p o r a t e d i n t o t h e b r e e d i n g p o p u l a t i o n s o f t h e i n t e r n a t i o n a l 
p r o g r a m f o r t h e n e x t c y c l e o f r e c o m b i n a t i o n a n d o n - s t a t i o n s e l e c t i o n . O n -
f a r m s e l e c t i o n o f l o c a l l y a d a p t e d n e w c u l t i v a r s , j o i n t l y b y p l a n t b r eede r s a n d 
f a r m e r s , m a y b e n e e d e d because i n s o m e reg ions b r eede r s a n d f a r m e r s cho ices 
c o u l d d i v e r g e , e spec ia l ly i n e n v i r o n m e n t s w h e r e f a r m e r s have a w i d e range o f 
p re fe rences . S p e r l i n g e t a l . ( 1 9 9 3 ) sugges ted t h a t f a r m e r p a r t i c i p a t o r y 
b r e e d i n g m a y also enhance gene t i c d i v e r s i t y a n d r e d u c e t h e research costs . 
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Adaptive breeding 
Multilocational testing with NARS of IARC released germplasm 
Select stable (or adapted) germplasm with statistics (e.g. AMMI) 
Follow-up NARS local testing and cultivar release, and incorporate 
selected germplasm and information to breeding program of IARC 
N A R S (+ farmers) select 
new local cul t ivars 
Fit genotypes to "new" environments using GIS plus AMMI 
Figure 3 . A d a p t i v e b r e e d i n g of a d v a n c e d mate r ia l as a result of coopera t ive 
research b e t w e e n na t iona l agr icu l tura l research systems (NARS) a n d an in-
t e r n a t i o n a l agr icu l tura l research center (IARC). In this scheme fa rmers are 
also research par tners , especial ly to select n e w local cult ivars. A statistical 
t o o l such as t h e add i t i ve m a i n e f fec t mul t ip l ica t ive in teract ion m o d e l 
( A M M I ) , a n d g e o g r a p h i c i n f o r m a t i o n systems (GIS) p rov ide a m e a n s to f i t 
g e n o t y p e s in to specific e n v i r o n m e n t s (a f ter Ort iz 1 9 9 9 ) . 
C l u s t e r i n g e n v i r o n m e n t s a n d f i t t i n g genotypes i n t o t a rge t areas . M e g a -
e n v i r o n m e n t s are b r o a d , n o t a lways c o n t i n u o u s , o f t e n t r a n s c o n t i n e n t a l areas 
w i t h s i m i l a r c l i m a t i c fac tors , c r o p p i n g sys tems, b i o t i c a n d a b i o t i c stresses, a n d 
c o n s u m e r p re fe rences ( B r a u n e t a l . 1 9 9 6 ) . T h e y w e r e d e f i n e d b y i n t e r n a t i o n a l 
p r o g r a m s t o b r e e d a n d t a rge t a d a p t e d geno types . I n t h i s way , p l a n t b reede r s 
are d e a l i n g w i t h t h e g e n o t y p e - b y - e n v i r o n m e n t i n t e r a c t i o n t h a t affects c r o p 
p e r f o r m a n c e . M u l t i v a r i a t e s t a t i s t i ca l analysis o f geographic i n f o r m a t i o n 
s y s t e m ( G I S ) a g r o c l i m a t i c datasets c o u l d h e l p d e t e r m i n e m e g a - e n v i r o n m e n t s 
(Po l l ak a n d P h a m 1 9 8 9 ; Po l l ak a n d C o r b e t t 1 9 9 3 ) . H o w e v e r , mega-
e n v i r o n m e n t a l c l a s s i f i ca t ion does n o t a lways e x p l a i n a l l s ign i f i can t associat ions 
a m o n g l o c a t i o n s ( D e L a c y e t a l . 1 9 9 4 ) . T h e r e f o r e , o r d i n a t i o n a n d c l u s t e r i n g o f 
l o c a t i o n s based o n t h e d i s c r i m i n a t i o n o f g e r m p l a s m s h o u l d b e c o m p a r e d w i t h 
m e g a - e n v i r o n m e n t a l g r o u p i n g s t o i d e n t i f y loca t ions w h e r e m a j o r stresses 
a f f e c t i n g p e r f o r m a n c e are y e t u n i d e n t i f i e d . 
A c c o r d i n g t o G a u c h a n d Z o b e l ( 1 9 9 7 ) , s t a t i s t i ca l m e t h o d s f o r 
i d e n t i f y i n g m e g a - e n v i r o n m e n t s s h o u l d m e e t f o u r c r i t e r i a : " f l e x i b i l i t y i n 
h a n d l i n g y i e l d t r i a l s w i t h va r ious designs, focus o n t h a t f r a c t i o n o f t h e t o t a l 
v a r i a t i o n t h a t i s r e l e v a n t f o r i d e n t i f y i n g m e g a - e n v i r o n m e n t s , d u a l i t y i n g i v i n g 
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IARC start next cyc le of 
recombina t ion /se lec t ion 
i n t e g r a t e d i n f o r m a t i o n o n b o t h g e n o t y p e s a n d e n v i r o n m e n t s , a n d re levance 
f o r t h e p r i m a r y o b j e c t i v e o f s h o w i n g w h i c h g e n o t y p e s are bes t w h e r e " . O n e o f 
s u c h m e t h o d s i s t h e a d d i t i v e m a i n - e f f e c t s m u l t i p l i c a t i v e i n t e r a c t i o n ( A M M I ) 
m o d e l , w h i c h was d e v e l o p e d t o f a c i l i t a t e t h e i n t e r p r e t a t i o n o f t h e g e n o t y p e -
b y - e n v i r o n m e n t i n t e r a c t i o n a s w e l l a s t o i d e n t i f y g e n o t y p e s a d a p t e d t o 
spec i f i c n iches . A M M I uses t h e c o n v e n t i o n a l analysis o f va r i ance a n d t h e 
p r i n c i p a l c o m p o n e n t analysis t o f i n d any p a t t e r n i n t h e da ta . T h i s p r o c e d u r e , 
w h i c h sp l i t s t h e i n t e r a c t i o n i n t o p a t t e r n a n d noise , a l l o w s m a k i n g b e t t e r 
p r e d i c t i o n s f o r su i t ab l e g e n o t y p e s i n spec i f ic e n v i r o n m e n t s . A M M I can b e 
u s e d t o d e f i n e m e g a - e n v i r o n m e n t s i n w h i c h g e n o t y p e s are r e l a t i v e l y s table . 
N e w t o o l s f o r " m i n i n g " p l a n t g e n e t i c resources h e l d 
i n g e n e b a n k s 
T h e opera t ions o f a m o d e r n gene b a n k are n o t r e s t r i c t ed t o c o l l e c t i o n , 
charac ter iza t ion , regenera t ion a n d d o c u m e n t a t i o n . A g e r m p l a s m c o l l e c t i o n t h a t i s 
n o t f u l l y e x p l o i t e d i s s i m p l y a m u s e u m of p l a n t accessions o r a l i v ing h e r b a r i u m . 
C o n s e r v i n g a n d enhanc ing p l a n t b i o d i v e r s i t y i s an essential pa r t o f sustainable 
genet ic enhancemen t o f crops. The re fo r e , b y p r o m o t i n g t h e b r o a d u t i l i z a t i o n o f 
p l an t genet ic resources, gene banks are f u l f i l l i n g t h e i r ro le in i m p r o v i n g h u m a n 
w e l l - b e i n g . I m p r o v e d use o f p l a n t genet ic resources can h e l p al leviate pover ty , 
increase incomes , a n d create n e w income-ea rn ing o p p o r t u n i t i e s . 
B r e e d i n g gains r e l y o n access t o u s e f u l gene t i c v a r i a t i o n i n t h e r e s p e c t i v e 
c r o p gene poo l s . I f genes avai lable i n w i l d species are t o b e p u t i n t o a usable 
b r e e d i n g f o r m , i t i s i m p o r t a n t t h a t t h e l o n g - t e r m research agenda i n c l u d e s 
d e v e l o p m e n t o f a d v a n c e d gene p o o l s tocks ( O r t i z 2 0 0 2 ) . I n r e c e n t years, 
s o m e gene banks have m a d e s ign i f i can t i n v e s t m e n t s i n s tud ies t o d e t e r m i n e 
t h e e x t e n t o f gene t i c d ive r s i t y , because t h i s k n o w l e d g e enables p r o p e r 
g e r m p l a s m o r g a n i z a t i o n a n d d e v e l o p m e n t o f i m p r o v e d pa ren t s a n d n e w 
c u l t i v a r s . I n t h i s way , gene b a n k c u r a t o r s can m a x i m i z e t h e u t i l i z a t i o n o f w i l d 
a n d c u l t i v a t e d gene p o o l s i n c r o p b r e e d i n g . 
Genetic resources and human nutrition. Poor p u b l i c h e a l t h a n d shor tage of 
f o o d are d i s t i n c t i v e cr is is f ea tu res o f h i g h l y i n d e b t e d p o o r c o u n t r i e s ( H I P C ) . 
O n e t h i r d o f a l l c h i l d r e n u n d e r t h e age o f f i v e i n t h e H I P C are m a l n o u r i s h e d 
a n d p h y s i c a l l y s t u n t e d , a f e a t u r e w h i c h af fec ts t h e res t o f t h e i r l ives . T h e i r 
d i e t s are o f t e n d e f i c i e n t i n V i t a m i n A , l e a d i n g n o t o n l y t o m a l n u t r i t i o n , b u t 
diseases, a n d i n severe cases, b l i ndnes s . I n t e r e s t i n g t o n o t e t h a t a f e w rare 
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accessions o f p e a r l m i l l e t , t h e cerea l o f t h e ha r sh s e m i - a r i d t r o p i c s , possesses a 
y e l l o w e n d o s p e r m , w h i c h con ta ins be ta -ca ro tene , t h e p r e c u r s o r o f V i t a m i n A . 
P l a n t b reede r s s h o u l d t r ans fe r t h i s t r a i t i n t o h i g h - y i e l d i n g c u l t i v a r s o f t h i s c r o p 
f o l l o w i n g b i o f o r t i f i c a t i o n approaches a l ready s h o w i n g success i n o t h e r c r o p s 
s u c h as y e l l o w - f l e s h cassava, o range- f lesh s w e e t p o t a t o , q u a l i t y p r o t e i n - m a i z e , 
a n d G o l d e n Rice™, w h i c h are g o o d e x a m p l e s o f v i ab le a n d p r a c t i c a l m e t h o d s 
o f i m p r o v i n g t h e h e a l t h p ro spec t s o f v u l n e r a b l e social classes. 
W i l d species f o r enhancement o f research-neglected crops o f the s e m i - a r i d 
t rop ics . Breeder s use gene t i c resources o f w i l d species p a r t i c u l a r l y f o r 
res is tance b r e e d i n g ( L e n n e a n d W o o d 1 9 9 1 ) . T h e levels o f resis tance t o pests 
a n d diseases avai lable i n p r i m a r y genes poo l s are s o m e t i m e s l o w o r o n l y a 
l i m i t e d n u m b e r o f res is tance sources s eem t o b e i n c o r p o r a t e d i n t o e l i t e 
m a t e r i a l s b y p l a n t b reede r s . F u r t h e r m o r e , s e l ec t i on pressure o n p a t h o g e n 
p o p u l a t i o n s d u e t o w i d e s p r e a d h o m o g e n e o u s hos t p l a n t resis tance m a y re su l t 
i n m o r e v i r u l e n t s t ra ins t h a t m a y o v e r c o m e t h a t res is tance. T h e r e f o r e , 
d i s c o v e r y a n d i n c o r p o r a t i o n o f n e w genes f o r res is tance f r o m w i l d species 
p r o v i d e s a means f o r sus ta in ing c r o p i m p r o v e m e n t ( O r t i z 2 0 0 2 ) . A l t h o u g h 
d u r a b i l i t y o f res is tance c a n n o t b e p r e d i c t e d ( Johnson 1 9 9 2 ) , gene t i c d i v e r s i t y 
t h r o u g h p r e - e m p t i v e b r e e d i n g m a y p r o v i d e b u f f e r i n g against c r o p losses 
a r i s ing d u e t o changes i n t h e p a t h o g e n p o p u l a t i o n ( M c i n t o s h 1 9 9 2 ) . 
A f e w genes f r o m w i l d species have b e e n also t r a n s f e r r e d t o t h e 
c u l t i v a t e d gene p o o l b y i n t e r s p e c i f i c h y b r i d i z a t i o n f o l l o w e d b y e m b r y o c u l t u r e 
( M a l l i k a r j u n a 1 9 9 9 ) , w h i c h o v e r c o m e s t h e cross i n c o m p a t i b i l i t y t h a t o f t e n 
o c c u r s a f t e r p o l l i n a t i o n i n t h e so-ca l led "wide-crosses" b e t w e e n species. S o m e 
o f t h e ba r r i e r s t o i n t e r s p e c i f i c h y b r i d i z a t i o n are associated t o a b n o r m a l 
e m b r y o d e v e l o p m e n t , e n d o s p e r m d i s i n t e g r a t i o n , a b n o r m a l d e v e l o p m e n t o f 
o v u l a r t i s sue ( o r s o m a t o p l a s t i c s t e r i l i t y d u e t o p r o l i f i c g r o w t h o f n u c e l l u s o r 
i n t e g u m e n t s ) , w e a k F 1 h y b r i d s o w i n g t o gene t ic d i s a b i l i t y o r d i s h a r m o n y (e.g. 
n u c l e a r g e n o m e - c y t o p l a s m i n c o m p a t i b i l i t y ) , a n d s te r i l e F 1 h y b r i d s , w h i c h m a y 
o c c u r d u e t o t h e l ack o f p a i r i n g ar i s ing f r o m n o n - h o m o l o g y o r s t r u c t u r a l 
i n c o m p a t i b i l i t y b e t w e e n d o n o r genomes . F e r t i l e F 1 h y b r i d s p r o v i d e a g rea te r 
v e r s a t i l i t y f o r gene i n t r o g r e s s i o n o r i n c o r p o r a t i o n . 
I n s o m e i n t e r s p e c i f i c i n c o m p a t i b l e crosses, f e r t i l i z a t i o n occur s b u t t h e 
e m b r y o abor t s a f e w days la ter . H y b r i d p l an t s m a y b e o b t a i n e d b y p r e v e n t i n g 
p o d abscission a n d saving a b o r t i n g h y b r i d e m b r y o s w i t h "rescue" t e c h n i q u e s . 
G e r m p l a s m e n h a n c e m e n t w i t h w i l d species has s e l d o m r e s u l t e d i n d i r e c t 
c u l t i v a r release, b u t m a n y pa ren t s w i t h " w i l d " genes b e c a m e avai lable f o r 
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b r e e d i n g c rops o f t h e s e m i - a r i d t r o p i c s ( O r t i z 2 0 0 2 ) . I n t h i s way , n e w 
b r e e d i n g s tocks c o u l d b e gene ra t ed t o c o m b a t m o r e v i r u l e n t p a t h o t y p e s w h e n 
t h e y b e c o m e i m p o r t a n t . 
Be t t e r gene b a n k a n d b i o d i v e r s i t y managemen t u s i n g new m o l e c u l a r tools. 
M o l e c u l a r m a r k e r s (Table 1 ) are h e l p i n g t o u n r a v e l p a t t e r n s o f d i v e r s i t y i n 
c rops a n d t h e i r w i l d re la t ives . For e x a m p l e , analysis o f m o l e c u l a r data reveals 
gene t i c s i m i l a r i t i e s a m o n g g r o u n d n u t , c h i c k p e a , p igeonpea , c o w p e a , cassava 
a n d s o r g h u m p r i m a r y gene poo l s . A n e w a p p r o a c h i n v o l v i n g gene l o c a t i o n p lu s 
i s o l a t i o n a n d t r ans fe r t h r o u g h t ransgenics m a y b e n e e d e d t o access genes f r o m 
w i l d species secondary a n d t e r t i a r y gene poo l s . F u r t h e r m o r e , w i t h t h e 
advances i n g e n o m e sequenc ing , g e r m p l a s m c o l l e c t i o n s h e l d i n t r u s t i n t h e 
C G I A R ( a n d o t h e r ) gene banks a n d associated geno types a n d p h e n o t y p i c 
databases are p o t e n t i a l sources f o r a l le le d i s cove ry ( o r "gene m i n i n g " ) , w h i c h 
i n t h e near t e r m m a y b e c o m e a n i m p o r t a n t research area i n i n t e r n a t i o n a l 
g e n o m i c s i n i t i a t i v e s , t o gain a b e t t e r u n d e r s t a n d i n g o f avai lable genes ( a n d 
t h e i r f u n c t i o n s ) i n k e y a g r i c u l t u r a l species ( I I T A 2 0 0 1 ) . 
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Table 1 . Major c lasses o f genet ic m a r k e r s (After Ort iz a n d C r o u c h 2001 ) . 
Morphological traits such as seed or flower color are seriously limited in number and their 
expression can be differentially affected by the environment. 
Proteins, seed storage proteins, structural proteins and isozymes provide very cost-effective 
markers but their number may be limiting and their expression is not neutral. 
Restriction fragment length polymorphism (RFLP) requires hybridization of probe DNA with 
sampled plant DNA and although provides high quality data has a severely restricted throughput 
potential. 
Random amplified polymorphic DNA (RAPD) was the first of a new generation of markers based 
on the polymerase chain reaction (PCR). This technique uses arbitrary primers for initiating 
amplification of random pieces of the sampled plant DNA. This technique requires no knowledge of 
the genome to be screened but suffers from problems of inconsistency when transferred between 
populations and laboratories. 
Simple sequence repeat length polymorphism (SSR). This technique provides high quality, highly 
consistent results but the markers are expensive to develop, as they require extensive sequence data 
from the species of interest. However, once developed this type of marker is easily transferred 
between populations/laboratories and is amenable to high throughput screening. 
Amplified fragment length polymorphism (AFLP). In this approach the sample DNA is 
enzymatically cut up into small fragments (as with RFLP analysis) but only a fraction of fragments are 
Table 1. Continued 
studied following selective PCR amplification. Although this assay provides a great quantity of marker 
information, it is not particularly well suited to high throughput marker-assisted selection. 
Expressed sequence tag (EST). The development of EST markers is dependent on extensive 
sequence data of regions of the genome that are expressed. However, once developed they provide 
high quality, highly consistent results and because they are limited to expressed regions of the 
genome, markers themselves are directly associated with functional genes. As with SSR markers, 
EST markers are amenable to high throughput screening. 
Single nucleotide polymorphism (SNP). The majority of differences between individuals are point 
mutations due to single nucleotide polymorphisms. As such, there are a vast number of potential SNP 
markers in all species. Massive amounts of sequence data are required to develop SNP markers, 
particularly as many may be population specific. However, their great advantage lies in the potential 
to screen them through simple yes/no tests, which can be readily automated to facilitate mega* 
throughput screening through the use of technologies such as micro-arrays. 
Sorghum as a model for a core collection.3 T h e I n t e r n a t i o n a l C r o p s Research 
I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s ( I C R I S A T ) h o l d s t h e largest c o l l e c t i o n o f 
s o r g h u m landraces, w h i c h t o d a y represents a cha l lenge f o r t h e m a i n t e n a n c e o f 
b o t h t h e accessions a n d t h e i n f o r m a t i o n d o c u m e n t e d f o r t h i s g e r m p l a s m . 
A c c e s s i b i l i t y a n d k n o w l e d g e o f t h i s c o l l e c t i o n are essent ial fac tors f o r a n 
e f f i c i e n t use o f s o r g h u m gene t ic resources b y b o t h breeders a n d f a rmers . T h i s 
large size o f t h e s o r g h u m landrace c o l l e c t i o n m a i n t a i n e d b y I C R I S A T l e d t o 
t h e e s t a b l i s h m e n t o f a core c o l l e c t i o n ( G r e n i e r e t a l . 2000a ; G r e n i e r e t a l . 
2 0 0 0 b ; G r e n i e r e t a l . 2 0 0 0 c ; G r e n i e r e t a l . 2001a ; G r e n i e r e t a l . 2 0 0 1 b ) . 
C o r e col lec t ions are subsets of large g e r m p l a s m col lect ions , con ta in ing 
chosen accessions tha t capture m o s t o f t h e genetic var iab i l i ty in t he en t i r e 
co l l ec t i on . Thus , deve lop ing a core co l l ec t ion improves t h e management and 
u t i l i z a t i on of a g e r m p l a s m co l l ec t ion . C o r e col lect ions are assembled cons ider ing a 
hierarchical s t ruc tu re o f t h e gene p o o l . T h e en t i re co l l ec t ion can be s t ra t i f i ed i n t o 
groups sharing c o m m o n characterist ics according to t axonomy, geographic o r 
ecological o r ig in , and neu t ra l o r non-neu t ra l descriptors , f o l l o w e d by sampl ing 
w i t h i n these groups. By using th i s process core subsets can be i d e n t i f i e d . G e n e t i c 
studies in selected crops have s h o w n tha t c o m m o n widespread and local ized 
alleles occu r r ing in t h e en t i r e co l l ec t ion are con ta ined in t h e core subset. O n l y rare 
local ized alleles m a y be e x c l u d e d d u r i n g t h e sampl ing process. T h e core subset 
o f t en provides an e n t r y p o i n t t o t h e en t i r e co l l ec t ion for f u r t h e r inves t iga t ion o f 
b iod ive r s i ty o r for t h e u t i l i z a t i o n o f these resources. 
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3. The author thanks Dr Paula Bramel for sharing and discussing some of the information provided in this 
section. 
M o r p h o - a g r o n o m i c a n d m o l e c u l a r research w e r e u n d e r t a k e n t o d e f i n e 
s o r g h u m core c o l l e c t i o n s a n d t o c o m p a r e each o f t h e i r s a m p l i n g p r o c e d u r e s 
( G r e n i e r e t a l . 2 0 0 0 a , G r e n i e r e t a l . 2 0 0 0 b , G r e n i e r e t a l . 2 0 0 1 a , G r e n i e r e t 
a l . 2 0 0 1 b ) . D u r i n g t h i s research, a n assessment was also m a d e , a c c o r d i n g t o 
geographic a n d t a x o n o m i c c lass i f i ca t ion , t o d e t e r m i n e t h e d i v e r s i t y p a t t e r n 
m a i n t a i n e d i n t h e l andrace c o l l e c t i o n a n d i t s adequacy. T h i s assessment 
i nd i ca t e s t h a t t h e s o r g h u m c o l l e c t i o n h e l d i n t r u s t a t I C R I S A T was 
u n d e r r e p r e s e n t e d f o r t h e race bicolor a n d f o r accessions f r o m C h i n a . 
F u r t h e r m o r e , t h i s assessment h i g h l i g h t e d r e d u n d a n c i e s espec ia l ly i n races 
caudatum a n d durra, a n d in t h e g e r m p l a s m a c q u i r e d f r o m East A f r i c a a n d 
S o u t h A s i a . D i f f e r e n t s a m p l i n g strategies, e i t h e r r a n d o m o r n o n - r a n d o m , w e r e 
p r o p o s e d t o o b t a i n co re subsets o f r e d u c e d size. T h r e e subsets w e r e 
e s t ab l i shed f o l l o w i n g a r a n d o m s a m p l i n g w i t h i n a s t r a t i f i e d c o l l e c t i o n 
( l o g a r i t h m i c s t rategy: L ) , a s amp le based u p o n m o r p h o - a g r o n o m i c d i v e r s i t y 
( p r i n c i p a l c o m p o n e n t score s t rategy: P C S ) , a n d a s ample based u p o n an 
e m p i r i c a l k n o w l e d g e o f s o r g h u m ( t a x o n o m i c s t rategy: T ) . C o m p a r i s o n s o f 
these samples f o r m o r p h o - a g r o n o m i c c h a r a c t e r i z a t i o n a n d passpor t 
i n f o r m a t i o n w e r e assessed t o d e t e r m i n e t h e i r i m p a c t o n p h e n o t y p i c d i v e r s i t y 
( G r e n i e r e t a l . 2 0 0 0 a ) . For t h e i r o v e r a l l d ive r s i t y , t h e t h r e e subsets d i d n o t 
d i f f e r , a s s h o w n w i t h t h e t w o - d i m e n s i o n a l r e p r e s e n t a t i o n o f t h e m o r p h o -
a g r o n o m i c d i v e r s i t y a n d t h e Shannon-Weaver d i v e r s i t y ind ices . W h e n 
c o m p a r i s o n s f o r m o r p h o - a g r o n o m i c a n d passpor t da ta w e r e c o n s i d e r e d , t h e 
P C S subset l o o k e d s i m i l a r t o t h e e n t i r e l andrace c o l l e c t i o n . T h e L subset 
s h o w e d d i f f e rences f o r charac te rs associa ted w i t h t h e p h o t o p e r i o d r e a c t i o n 
t h a t was c o n s i d e r e d i n t h e s t r a t i f i c a t i o n o f t h e c o l l e c t i o n . T h e T subset was 
t h e m o s t d i s t i n c t f r o m t h e e n t i r e l andrace c o l l e c t i o n a s i t o v e r - r e p r e s e n t e d t h e 
landraces se lec ted b y f a r m e r s f o r speci f ic uses a n d c o v e r e d t h e w i d e s t range o f 
geograph ica l a d a p t a t i o n a n d m o r p h o - a g r o n o m i c t r a i t s . 
M i c r o s a t e l l i t e m a r k e r s (SSR) are used i n c rops t o d i f f e r e n t i a t e a m o n g 
geno types a n d as too l s in m a r k e r - a i d e d se lec t ion a n d gene in t rogress ion . Ear ly 
research w i t h t h e s o r g h u m w o r l d c o l l e c t i o n s h o w e d s igni f icant va r i a t i on i n t h e 
f i v e m i c r o s a t e l l i t e m a r k e r s e x a m i n e d : 2 .4 was t h e average n u m b e r o f alleles pe r 
locus w i t h i n accessions a n d 19 .2 . i n t h e w h o l e sample o f 2 5 accessions ( D j e e t 
a l . 2 0 0 0 ) . T h i s s o r g h u m c o l l e c t i o n seems t o b e h i g h l y s t r u c t u r e d gene t ica l ly 
w i t h a b o u t 7 0 % o f genet ic d i v e r s i t y a c c o u n t e d f o r a m o n g accessions. I n cont ras t , 
m o r p h o l o g i c a l l y d e f i n e d races o f s o r g h u m , o r t h e geographic or ig ins a c c o u n t e d 
f o r less t h a n 15% o f t h e t o t a l gene t ic d ivers i ty . T h i s resu l t shows t h a t 
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microsa t e l l i t e s are useful i n t h e i d e n t i f i c a t i o n o f i n d i v i d u a l accessions w i t h a 
h i g h re la t ive c o n t r i b u t i o n t o t h e overa l l al lel ic d i v e r s i t y o f t h e c o l l e c t i o n . H e n c e , 
m i c r o s a t e l l i t e m a r k e r s w e r e used t o q u a n t i f y genet ic d i v e r s i t y i n each o f t h e 
s a m p l i n g p rocedures ( P C S , L , T ) us ing p o l y m o r p h i s m a t 1 5 m i c r o s a t e l l i t e l o c i 
( G r e n i e r e t a l . 2 0 0 0 b ) . T h e landraces o f each subset w e r e g e n o t y p e d w i t h t h r e e 
m u l t i p l e x po lymerase cha in react ions o f f ive f luorescent p r imer -pa i r s each w i t h 
s e m i - a u t o m a t e d al lele sizing. T h e average al lel ic r ichness fo r each subset was 
equ iva l en t ( 1 6 . 1 , 16.3 a n d 15.4 alleles pe r locus fo r t h e subsets P C S , L , a n d T , 
r e spec t ive ly ) . T h e average genet ic d i v e r s i t y was also comparab le fo r t h e t h r e e 
subsets ( 0 . 8 1 , 0 .77 a n d 0 . 8 0 fo r t h e subsets P C S , L , a n d T , r e spec t ive ly ) . A l l e l i c 
f r equency d i s t r i b u t i o n f o r each subset was c o m p a r e d w i t h a chi-square tes t b u t 
a f e w s igni f icant d i f fe rences w e r e observed . H i g h percentages o f rare alleles 
( 7 1 - 7 6 % o f 2 0 6 t o t a l rare alleles) w e r e m a i n t a i n e d i n t h e t h r e e subsets. T h e 
g loba l m o l e c u l a r d i v e r s i t y r e t a i n e d i n each subset was n o t a f fec ted b y t h e 
p h e n o t y p i c s ampl ing . 
A g r o h i o d i v e r s i t y a n d pest management . Par t ia l assessment o f hos t response t o 
f ive s o r g h u m diseases i n t h e e n t i r e a n d co re c o l l e c t i o n s p r o v i d e d a means t o 
q u a n t i f y t h e i m p o r t a n c e o f a g r o - b i o d i v e r s i t y i n disease m a n a g e m e n t ( L e n n e 
a n d O r t i z , i n press) . F r e q u e n c y d i s t r i b u t i o n s w e r e t h e same b e t w e e n t h e 
e n t i r e c o l l e c t i o n a n d co re subsets f o r a l l diseases, e x c e p t b e t w e e n t h e e n t i r e 
c o l l e c t i o n a n d t h e L co re subset f o r g ra in m o l d , w h i c h was n o t su rp r i s i ng 
because t h e s a m p l i n g s t ra tegy f o r t h i s co re subset a n d t h e m a t e r i a l i n c l u d e d i n 
t h e sc reen ing f o r t h i s disease d i d n o t m a t c h . F u r t h e r m o r e , t h e e n t i r e 
c o l l e c t i o n a n d co re subset i n c l u d e d t h e same range a n d d i s t r i b u t i o n o f 
v a r i a t i o n w i t h o n l y t h e above s t a t ed e x c e p t i o n f o r g ra in m o l d i n t h e L co re 
subset . N e w accessions w i t h h i g h resis tance t o speci f ic diseases are l i k e l y t o b e 
i d e n t i f i e d b y c o m p l e t i n g t h e sc reen ing o f t h e co re subsets. T h i s r a t i o n a l , 
t a r g e t e d a p p r o a c h m a y also b e cos t - e f f ec t ive a n d m o r e prec ise t h a n l o n g - t e r m 
sc reen ing o f t h e e n t i r e c o l l e c t i o n . 
C o r e select ion to enhance g e r m p l a s m u t i l i z a t i o n a n d meet specific users needs. 
La rge l andrace c o l l e c t i o n s are a cha l lenge f o r t h e m a i n t e n a n c e o f b o t h t h e 
accessions a n d t h e i n f o r m a t i o n d o c u m e n t e d f o r t h i s g e r m p l a s m . A c c e s s i b i l i t y 
a n d k n o w l e d g e o f t h i s c o l l e c t i o n are essential fac tors f o r e f f i c i e n t use o f t h e 
gene t i c resources . These c o l l e c t i o n s are o f t e n t h e r e su l t o f c o l l e c t i n g miss ions 
a n d spec i f ic research p r o g r a m s t h a t m a y b e a n over r e p r e s e n t a t i o n o f c e r t a i n 
m a t e r i a l s . C o r e c o l l e c t i o n s i m p r o v e t h e s a m p l i n g w h i l e se lec t ing accessions 
f r o m a g e r m p l a s m c o l l e c t i o n . H o w e v e r , s ta t ic core co l l e c t i ons , w h i c h are a 
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priori s e l ec t ed b y t h e cu ra to r , are o f t e n o f l i m i t e d use t o users o f t h e gene 
b a n k w h o are i n t e r e s t e d i n a spec i f ic t r a i t o r accessions o f a spec i f ic t y p e . I n 
t r a d i t i o n a l co re c o l l e c t i o n s , t h e d o m a i n d e f i n i t i o n , d i v i s i o n o f t h e d o m a i n i n t o 
d i s t i n c t g roups , d e t e r m i n a t i o n o f t h e n u m b e r o f accession f r o m each g r o u p 
a n d t h e c h o i c e o f accessions f r o m each g r o u p are a l l d o n e a priori by t h e 
cu ra to r . A co re se lec to r p r o g r a m a l l o w s t h e user t o choose t h e d o m a i n o f 
i n t e r e s t (van H i n t u m 1 9 9 9 ) . M a h a l a k s h m i e t a l . ( i n press) f o l l o w i n g t h e 
o n g o i n g r e v o l u t i o n i n i n f o r m a t i o n t e c h n o l o g y p r o v i d e gene b a n k users w i t h 
s o f t w a r e t o select accessions t h r o u g h t h e W o r l d W i d e W e b f r o m g e r m p l a s m 
da ta c o n t a i n i n g b o t h q u a l i t a t i v e ( n o n - p a r a m e t r i c t r a i t s such a s g l u m e c o l o r ) 
a n d q u a n t i t a t i v e ( p a r a m e t r i c t r a i t s such a s p l a n t h e i g h t ) d e s c r i p t o r s . For t h e 
p a r a m e t r i c t r a i t t h e user can choose t h e n u m b e r o f g roups ( b e t w e e n 5 a n d 
2 0 ) . T h e size o f co re s e l ec t i on i s t o b e g i v e n b e t w e e n 1 % a n d 1 0 % o f t h e t o t a l 
c o l l e c t i o n size. T h e a l l o c a t i o n ove r g roups i s based o n e i t h e r p r o p o r t i o n a l o r 
l o g a r i t h m i c s a m p l i n g strategy, w i t h a m i n i m u m o f one f o r t h e s m a l l g roups . 
T h i s a p p r o a c h p r o v i d e s t h e users w i t h a t o o l t o c rea te m o r e f o c u s e d s e l ec t i on 
o f t h e g e r m p l a s m t h a n t h e t r a d i t i o n a l co re c o l l e c t i o n s , b u t w i t h b r o a d 
r e p r e s e n t a t i o n o f d i v e r s i t y w i t h i n t h e s e l ec t i on . 
Farmers in the "driving seat" 
A w o m a n f a r m e r was t h e f i r s t t o d o m e s t i c a t e a p l a n t species f o r h u m a n 
c u l t i v a t i o n , a n d f o r m a n y h u n d r e d years, f a r m e r s have been able t o k e e p 
d y n a m i c a n d p r o d u c t i v e a g r o - b i o d i v e r s i t y i n t h e i r f i e lds , w h i c h was d r i v e n b y 
t h e n e e d o f e n s u r i n g sus ta inable f o o d s u p p l y ( O r t i z , i n press) . H o w e v e r , 
d u r i n g d o m e s t i c a t i o n a n d e v o l u t i o n o f p l a n t species i n t h e f a r m i n g sys tems, 
t h e o r i g i n a l a g r o - b i o d i v e r s i t y was r e p l a c e d i f i t d i d n o t m e e t t h e f a r m e r s ' 
needs . F u r t h e r m o r e , a g r o - b i o d i v e r s i t y per se does n o t seem to be an insurance 
t o c o n t r o l diseases ( L e n n e a n d O r t i z , i n press) . U s e f u l gene t ic v a r i a t i o n c o u l d 
be a c q u i r e d f r o m a f e w g e r m p l a s m sources on ly . H e n c e , f a r m e r s change agro-
b i o d i v e r s i t y b y i n t r o d u c i n g n e w f o r m s o f t h e c r o p ( i . e . m i g r a t i o n ) o r o t h e r 
p l an t s species or by se lec t ing m u t a n t s a r i s ing de novo o r h y b r i d geno types 
d e r i v e d f r o m n a t u r a l ou t c ro s s ing . 
Fa rmers have also a c c u m u l a t e d f o r m a n y genera t ions , na t i ve o r 
t r a d i t i o n a l k n o w l e d g e f o r c r o p m a n a g e m e n t , w h i c h i n c l u d e s se lec t ing 
p r o m i s i n g m a t e r i a l s o r i n t r o d u c i n g pest c o n t r o l i n t h e i r spec i f ic geograph ica l 
areas. T h e C G I A R a c k n o w l e d g e s , t h e r e f o r e , t h e i m p o r t a n t r o l e o f f a r m e r s i n 
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n o t o n l y i n f l u e n c i n g b u t also i n v o l v i n g t h e m f o r assessing a n d d e v e l o p i n g 
t o g e t h e r w i t h i t s researchers a w i d e range o f new, i m p r o v e d a n d loca l ly 
a d a p t e d c r o p t e c h n o l o g y i n t h e d e v e l o p i n g w o r l d . 
O k a s h a n a - 1 - the i m p a c t o f f a r m e r p a r t i c i p a t o r y research i n N a m i b i a . 4 
Okashana-1 i s an e a r l y - m a t u r i n g , h i g h - y i e l d i n g p e a r l m i l l e t c u l t i v a r d e v e l o p e d 
b y I C R I S A T a n d pa r tne r s t h r o u g h t h e S o r g h u m a n d M i l l e t I m p r o v e m e n t 
P r o g r a m ( S M I P ) . T h e p a r e n t m a t e r i a l f o r t h i s c u l t i v a r o r i g i n a t e d i n Togo a n d 
was c o l l e c t e d j o i n t l y b y I C R I S A T a n d na t i ona l pa r tne r s . I C R I S A T breeders i n 
I n d i a crossed t h i s r a w m a t e r i a l w i t h several l ines o f A f r i c a n o r i g i n . Teams i n 
Z i m b a b w e a n d N a m i b i a i m p r o v e d i t f u r t h e r t h r o u g h se lec t ion a n d reg iona l 
a d a p t a t i o n t r i a l s . A n o n - g o v e r n m e n t o rgan iza t ion i n i t i a t i v e i n N a m i b i a 
i n v o l v e d s m a l l h o l d e r f a r m e r s i n p a r t i c i p a t o r y c u l t i v a r s e l ec t ion . Fa rmers 
expressed a s t r o n g p r e f e r e n c e f o r Okashana -1 ( o r I C T P 8 2 0 3 ) , i n s i s t ing on a 
"fast - t r a c k " release. T h e r e f o r e , Okashana -1 was released in 1 9 8 9 , and i s n o w 
g r o w n o n 4 9 % o f N a m i b i a ' s p e a r l m i l l e t area. T h e bene f i t s gene ra t ed have a 
n e t p re sen t va lue ( i n 1 9 9 8 ) o f U S $ 1 1 m i l l i o n ( R o h r b a c h e t a l . 1 9 9 9 ) . T h i s 
w i d e s p r e a d a d o p t i o n was essent ia l ly d u e t o pa r tne r sh ip s . N a t i o n a l research 
a n d e x t e n s i o n s t a f f w o r k e d w i t h f a rmer s t o p r o m o t e t h e n e w c u l t i v a r a n d 
d i s t r i b u t e seed. T h e n a t i o n a l p r o g r a m d e v e l o p e d a f a rmer -based seed 
p r o d u c t i o n s y s t e m w i t h t e c h n i c a l s u p p o r t f r o m S M I P , f u n d i n g f r o m 
d e v e l o p m e n t inves tors , a n d adv i so ry assistance f r o m n a t i o n a l p o l i c y m a k e r s 
a n d o t h e r d e v e l o p m e n t agents. T h i s sy s t em has n o w g r o w n i n t o a f i n a n c i a l l y 
se l f -sus ta in ing f a r m e r s ' c o o p e r a t i v e t h a t p r o d u c e s ove r 2 0 0 t o f c e r t i f i e d p e a r l 
m i l l e t seed each year. 
T h e success o f Okashana -1 i n N a m i b i a resul ts f r o m t h e i n t r o d u c t i o n o f 
gene t ic m a t e r i a l i m p r o v e d b y I C R I S A T breeders , ear ly i n v o l v e m e n t o f 
f a r m e r s i n p a r t i c i p a t o r y se l ec t ion , r a p i d c u l t i v a r release r e s p o n d i n g t o f a r m e r s ' 
p re fe rences , a n d t h e c o m m i t m e n t o f t h e n a t i o n a l g o v e r n m e n t f o r h i g h - q u a l i t y 
seed m u l t i p l i c a t i o n a n d d i s s e m i n a t i o n ( B i d i n g e r 1 9 9 8 ) . T h e success o f t h e 
pear l m i l l e t i m p r o v e m e n t p r o g r a m f o r N a m i b i a has increased t h e c o n f i d e n c e 
o f t h e p u b l i c research a n d e x t e n s i o n services i n t h e i r capaci t ies t o p r o m o t e 
t e c h n o l o g i c a l change. 
O w i n g t o i t s ea r ly m a t u r i t y a n d large grains, Okashana-1 b e c a m e p o p u l a r 
b u t i t s w e a k stalks m a d e t h i s c u l t i v a r v e r y suscep t ib le t o l o d g i n g especia l ly 
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a f t e r m a t u r i t y . Because o f i t s large b o l d g r a i n , O k a s h a n a - 1 w a s also m o r e 
s u s c e p t i b l e t o s torage pes ts t h a n s m a l l e r seeded l o c a l landraces . A d o p t i o n o f 
i m p r o v e d c u l t i v a r s d e p e n d s o n w h e t h e r o r n o t t h e c u l t i v a r s m e e t f a r m e r s ' 
needs , a n d possess t h e q u a l i t y t h a t f a r m e r s p r e f e r . H e n c e , p l a n t b r e e d e r s 
s h o u l d k e e p i n m i n d f a r m e r s needs f o r spec i f i c p l a n t cha rac t e r i s t i c s a n d g r a i n 
t r a i t s . A s a r e s u l t smal l - sca le f a r m e r s d e m a n d b e t t e r c u l t i v a r s a n d are i n t h e 
l e a d i n t h e p u r s u i t o f t h i s t h r o u g h t h e i r a c t i v e i n v o l v e m e n t w i t h researchers i n 
n e w c u l t i v a r d e v e l o p m e n t . 
The Maria Kaherero Composite (MKC). T h e M K C p o p u l a t i o n w a s i n i t i a l l y 
based o n a set o f ha l f - s i b p rogen ie s o b t a i n e d f r o m a f i e l d i n Ruacana t h a t 
b e l o n g e d t o a w o m a n f a r m e r c a l l e d M a r i a K a h e r e r o . N a m i b i a n f a r m e r s w e r e 
seen t o d e l i b e r a t e l y p l a n t O k a s h a n a - 1 a longs ide l o c a l c u l t i v a r s , a i m i n g t o 
e x p l o i t n a t u r a l c r o s s - p o l l i n a t i o n t o in t rogress t r a i t s such a s g r a i n hardness a n d 
s t a lk s t r e n g t h f r o m l o c a l l andraces i n t o O k a s h a n a - 1 . T h e r e s u l t a n t ou tcrosses 
w e r e m o r e v i g o r o u s t h a n O k a s h a n a - 1 , w i t h la rger heads a n d s t r onge r s ta lks , 
a n d f a r m e r s d e l i b e r a t e l y s e l e c t e d these outcrosses t o p r o v i d e seed f o r t h e 
f o l l o w i n g season. M a r i a K a h e r e r o u s e d t h i s a p p r o a c h f o r f o u r c r o p p i n g seasons 
( 1 9 8 9 t h r o u g h 1 9 9 2 ) . W h e n I C R I S A T was r e q u e s t e d t o assist i n t h e i n i t i a t i o n 
o f a b r e e d i n g p r o g r a m f o r N a m i b i a i t was n a t u r a l t o r e c o m m e n d t h a t t h e 
p r o g r a m c o n t i n u e t o b e g u i d e d b y f a r m e r ' s needs t h r o u g h f a r m e r p a r t i c i p a t i o n 
i n a l l stages o f c u l t i v a r d e v e l o p m e n t . M a n y o f t h e f a r m e r s w h o p a r t i c i p a t e d 
w e r e also h o s t i n g o n - f a r m t r i a l s . T h e s e l ec t ed f a r m e r s c o u l d v i s i t t h e research 
s t a t i o n a t least o n c e a w e e k f o r p a r t i c i p a t o r y s e l e c t i o n f r o m t h e b r e e d i n g 
nurse r ies , m o n i t o r i n g a n d e v a l u a t i o n , i n c l u d i n g p rocess ing a n d tas te tes ts . I n 
1 9 9 2 , I C R I S A T a n d n a t i o n a l b r eede r s s e l ec t ed ha l f - s i b p rogen ie s f r o m M a r i a ' s 
f i e l d f o r f u r t h e r i m p r o v e m e n t a t t h e resea rch s t a t i o n . T h e s e w e r e r a n d o m 
m a t e d w i t h o t h e r 3 0 f a r m e r s e l e c t e d m a t e r i a l s f r o m 1 5 0 t h a t w e r e u n d e r 
n a t i o n a l t e s t i n g o n s t a t i o n a n d i n t h e o n f a r m t e s t i n g p r o g r a m d u r i n g t h e 1 9 9 2 / 
9 3 season f o r t h r e e m o r e seasons t o c o n s t i t u t e t h e M a r i a K a h e r e r o C o m p o s i t e 
( M K C ) . T h e c o n s t i t u e n t va r i e t i e s i n M K C w e r e t h e r e f o r e j o i n t l y i d e n t i f i e d b y 
f a r m e r s f o r p r e f e r r e d t r a i t s a n d b y t h e b r eede r s f o r t h e i r s u i t a b i l i t y t o i m p r o v e 
y i e l d a n d a g r o n o m i c cha rac te r s . 
A d e t a i l e d analysis on t r a i t s m o s t p r e f e r r e d by f a rmers , was p e r f o r m e d 
c o m p a r i n g accessions f r o m M K C w i t h those f r o m t h e t w o o t h e r c o m p o s i t e 
p o p u l a t i o n s , t h e Fa rmer s ' G e r m p l a s m C o m p o s i t e P o p u l a t i o n ( F G C ) a n d 
N C 9 0 , w h i c h w e r e d e v e l o p e d us ing c o n v e n t i o n a l m e t h o d s . T h e m a j o r i t y o f t h e 
geno types se l ec ted b y f a r m e r s f o r c o n s t i t u t i o n o f t h e n e w p a r t i c i p a t o r y 
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b r e e d i n g p o p u l a t i o n w e r e ear l ie r t h a n t h e l oca l landrace , h a d e x c e l l e n t seed set 
w i t h large b o l d grains, a n d m e d i u m t o t a l l h e i g h t w i t h t h i c k s t r o n g stalks t h a t d o 
n o t lodge . T h e j o i n t se lec t ion b y b r eede r a n d f a r m e r was s t r i c t e r o n earliness 
w i t h o u t sacr i f ic ing y i e l d . U p t o 1 4 . 5 % o f t h e m a t e r i a l i n N C 9 0 r e q u i r e d m o r e 
t h a n 7 0 days t o reach h a l f b l o o m , c o m p a r e d w i t h o n l y 2 . 1 6 % i n M K C . T h e 
f r e q u e n c y o f h i g h - y i e l d i n g accessions ( i . e . y i e l d > 3 . 3 0 t h a - 1 ) i n M K C was 
h ighe r t h a n i n N C 9 0 , 2 1 . 6 1 % o f t h e accessions versus 1 8 . 2 1 % . T h e h ighes t -
y i e l d i n g accession i n F G C y i e l d e d o n l y 1.26 t ha - 1 . M e a n k e r n e l sizes f o r t h e 
F G C a n d N C 9 0 p o p u l a t i o n s w e r e m e d i u m ( 1 . 2 2 7 g a n d 1.300 g / 1 0 0 ke rne l s ) , 
w h i l e M K C h a d large kerne ls ( 1 . 4 4 1 g ) . F r o m t h i s p a r t i c i p a t o r y b r e e d i n g 
endeavor i t b e c a m e clear t h a t t h e p e a r l m i l l e t i d e o t y p e f o r N a m i b i a w o u l d have 
t h e f o l l o w i n g charac ter is t ics : ear ly m a t u r i t y w i t h o u t sacr if ice o n y i e l d , d r o u g h t 
to l e rance , large grains a n d g o o d th re shab i l i t y . I t s h o u l d b e p r e f e r ab ly t a l l e r t h a n 
O k a s h a n a - 1 , b u t w i t h s t rong stalks t h a t does n o t lodge ( I p i n g e e t a l . 1 9 9 6 ) . I n 
fac t t h e N a m i b i a n f a r m e r prefers a n Okashana - type c u l t i v a r w i t h i m p r o v e d 
storage pests resistance a n d i m p r o v e d l o d g i n g resistance ( M o n y o e t a l . 1 9 9 6 ) . 
T h e m a j o r c o n t r i b u t i o n o f f a r m e r s ' p a r t i c i p a t o r y research t o N a m i b i a ' s 
p e a r l m i l l e t b r e e d i n g p r o g r a m has b e e n p r o v i s i o n o f ea r ly m a t u r i t y c u l t i v a r s 
( O k a s h a n a - 1 , Okashana -2 a n d Kangara ) , w h i c h are also c o n s t i t u e n t e l e m e n t s 
i n t h e M K C c o m p o s i t e . T h e s e c u l t i v a r s also p r o v i d e h i g h e r average g r a i n 
y i e l d s , a n d i m p r o v e t h e p r o b a b i l i t y o f harves t w h e n r a i n f a l l i s p o o r . F a r m e r s 
w h o p l a n t w i t h t h e f i r s t ra ins can o b t a i n a g r a in harves t u p t o o n e m o n t h 
ea r l i e r t h a n w o u l d b e poss ib le w i t h t r a d i t i o n a l landraces . T h e n e w c u l t i v a r s 
have e n a b l e d f a r m e r s t o d i s t r i b u t e t h e i r l abo r t h r o u g h m u l t i p l e p l a n t i n g s a n d 
t i m e l y p e r f o r m a n c e o f d i f f e r e n t c r o p m a n a g e m e n t p r ac t i c e s because t h e y 
c o u l d o b t a i n s o m e harves t e v e n b y p l a n t i n g l a te i n t h e season. O n g o i n g 
m o n i t o r i n g o f i n v e s t m e n t r e t u r n s w i l l ensure t h a t t h i s f o u n d a t i o n l a i d d o w n 
t h r o u g h researcher f a r m e r p a r t n e r s h i p s r e m a i n s p r o d u c t i v e . 
Fac tors f o r success. P a r t i c i p a t o r y p l a n t b r e e d i n g d e p e n d s o n ( i ) f a r m e r s ' 
k n o w l e d g e , ( i i ) a d i a l o g u e b e t w e e n f a r m e r s a n d b reeders , w h i c h en r i ches b o t h 
g roups k n o w l e d g e i n c r o p i m p r o v e m e n t , ( i i i ) a n a g r e e m e n t b e t w e e n t h e n e w 
resea rch p a r t n e r s r e g a r d i n g goals a n d p r i o r i t y s e t t i n g f o r b o t h o n - f a r m 
c o n s e r v a t i o n a n d gene t i c e n h a n c e m e n t , ( i v ) a n e n h a n c e d c o o p e r a t i o n e n s u i n g 
f r o m p r e v i o u s l y d e t e r m i n e d c o m p a r a t i v e advantages a n d ro les a m o n g these 
n e w pa r tne r s , (v ) a f l e x i b l e process i n w h i c h research p r o c e d u r e s a n d 
i n t e r v e n t i o n s m u s t b e ad ju s t ed t o su i t spec i f ic p h y s i c a l a n d s o c i o - e c o n o m i c 
e n v i r o n m e n t s . O w i n g t o t h e above, p a r t i c i p a t o r y p l a n t b r e e d i n g i s s i t u a t i o n 
spec i f i c . I C R I S A T researchers a n d t h e i r p a r t n e r s b e n e f i t e d f r o m t h i s 
1 9 1 
p a r t i c i p a t o r y f a r m e r a p p r o a c h b y r e - t a r g e t i n g p e a r l m i l l e t b r e e d i n g , a n d 
c h a n g i n g t h e sou rce b r e e d i n g m a t e r i a l a s w e l l a s t h e s e l e c t i o n m e t h o d s t o 
b e t t e r su i t ha r sh a r i d e n v i r o n m e n t s , e.g. i n Rajas than ( I n d i a ) , w h i c h suffers 
f r o m l o w r a i n f a l l a n d p o o r soils ( O r t i z 2 0 0 2 ) . 
Landrace-based topcross hybrids in participatory pearl millet breeding. H i g h 
y i e l d i n g a d a p t e d t o p c r o s s h y b r i d s have b e e n o b t a i n e d b y c ross ing a u n i f o r m 
i n b r e d l i n e a s t h e f e m a l e seed p a r e n t w i t h a g e n e t i c a l l y he t e rogeneous 
l andrace a s t h e m a l e p a r e n t ( B i d i n g e r e t a l . 1 9 9 4 ; Yadav e t a l . 2 0 0 0 a ) . 
F u r t h e r m o r e , t o p c r o s s h y b r i d s w e r e e i t h e r a s s table , o r m o r e s o t h a n t h e i r 
p o l l i n a t o r s ( M a h a l a k s h m i e t a l . 1 9 9 2 ) o r m o r e respons ive t o i m p r o v e d 
e n v i r o n m e n t a l c o n d i t i o n s t h a n t h e i r p o l l i n a t o r s ( B i d i n g e r e t a l . 1 9 9 4 ) . Recen t 
r e su l t s i n d i c a t e t h a t e n v i r o n m e n t af fec ts t h e c o m b i n i n g a b i l i t y o f l and race 
p o l l i n a t o r s (Yadav e t a l . 2 0 0 0 b ) , t h u s spec i f ic p o l l i n a t o r s s h o u l d b e s e l ec t ed 
f o r a p a r t i c u l a r zone . T h e s e t o p c r o s s h y b r i d s p r o v i d e a u n i q u e p r o s p e c t t o 
e x p l o i t a n d p re se rve i n d i g e n o u s a g r o - b i o d i v e r s i t y i n a n e n h a n c e d g e n o t y p e , 
a n d s h o u l d b e g i v e n t o f a r m e r s f o r t h e i r f u r t h e r t e s t i n g a n d s e l e c t i o n , 
e spec ia l ly i n a r i d o r s e m i - a r i d e n v i r o n m e n t s . 
Evolutionary crop breeding5 
A m o n g t h e m o s t i m p o r t a n t v e g e t a t i v e l y p r o p a g a t e d f o o d c rops f o r d r y l a n d 
a g r i c u l t u r e are cassava a n d s o m e f r u i t s g r o w n in d r o u g h t - p r o n e areas. Cassava 
i s r e g a r d e d a s a c r o p a d a p t e d t o d r o u g h t - p r o n e e n v i r o n m e n t s a n d g r o w s w e l l 
i n p o o r so i l ( C o c k 1 9 8 5 ; Nassar 2 0 0 1 a ) , because u n d e r stress i t r educes w a t e r 
loss t h r o u g h s t o m a t a l c l o s u r e a n d l e a f area r e d u c t i o n . A f t e r t h e stress, t h e 
cassava l e a f area r ecovers ( C o n n o r a n d C o c k 1 9 8 1 ; C o n n o r a n d Palta 1 9 8 1 ; 
C o n n o r e t a l . 1 9 8 1 ) , w h i c h , o f course , i n f l u e n c e s r o o t y i e l d i n cassava 
d e p e n d i n g o n t h e d e v e l o p m e n t a l stage o f t h e c r o p a n d t h e e n v i r o n m e n t w h e r e 
i t g r o w s ( B a k e r e t a l . 1 9 8 9 ) . 
G e n e t i c b o t t l e n e c k s m a y h a p p e n d u r i n g t h e e v o l u t i o n o f v e g e t a t i v e l y 
p r o p a g a t e d c r o p s because b r e e d e r s o f t h e s e c r o p s ( f a r m e r s i n t h e ea r ly days 
o r n o w a d a y s m o s t l y t r a i n e d p ro f e s s iona l s ) m a y se lec t a f e w s p o r t s ( o r 
m u t a n t s ) w i t h t h e d e s i r e d c h a r a c t e r i s t i c , w h i c h c o u l d r e p l a c e o l d c u l t i v a r s i n 
5. The concepts and approaches discussed in this section result f rom 
Bascom, 
Mexico) 
Prof Dr SJ Peloquin (Universi ty of Wisconsin-Madison) 
and the late Dr D i r k R Vuylsteke ( I ITA, Uganda), w h o 
interactions w i t h Emer. Campbell-
, Dr Masaru Iwanaga ( C I M M Y T , 
kindly shared their knowledge in 
manipulating chromosome sets for the genetic betterment of vegetatively propagated crops. 
1 9 2 
a la rge area ( O r t i z 2 0 0 1 ) . I n s o m e v e g e t a t i v e l y p r o p a g a t e d c r o p s (e .g . 
banana , p l a n t a i n , p o t a t o , s w e e t p o t a t o , y a m ) g e n e t i c m a n i p u l a t i o n s o f 
c o m p l e t e c h r o m o s o m e sets are i n c l u d e d i n t h e p l a n t b r e e d e r ' s k i t , 
p a r t i c u l a r l y p l o i d y m a n i p u l a t i o n s , i . e . sca l ing u p a n d d o w n c h r o m o s o m e 
n u m b e r s o f a species w i t h i n a p o l y p l o i d series. 
S u c h a g e r m p l a s m e n h a n c e m e n t a p p r o a c h a l l o w s f o r w i d e n i n g t h e 
gene t i c base o f b r e e d i n g m a t e r i a l s , i n spec i f ic g e n o m e reg ions ( i n t rog re s s ion ) 
o r m o r e b r o a d l y ( i n c o r p o r a t i o n ) . A n y successful e v o l u t i o n a r y b r e e d i n g 
s c h e m e f o r gene i n t r o g r e s s i o n ( o r i n c o r p o r a t i o n ) f r o m e x o t i c o r w i l d gene 
poo l s t o c u l t i g e n b r e e d i n g p o o l ( s ) r equ i r e s : ( i ) v i a b l e ( a n d b e t t e r f e r t i l e ) F 1 
h y b r i d s a r i s ing f r o m i n t e r s p e c i f i c crosses, a n d ( i i ) " i n t e g r a t i o n " o f 
c h r o m o s o m e segmen t ( s ) o r set(s) f r o m a d o n o r species i n t o t h e c u l t i g e n p o o l , 
t o a c c o m p l i s h t h e i n c o r p o r a t i o n o f u n a d a p t e d gene t i c resources i n t o c u l t i v a r 
d e v e l o p m e n t . I n t h i s b r e e d i n g s t ra tegy w i l d species a n d d i p l o i d landraces are 
t h e source o f gene t i c d ive r s i t y . F u r t h e r m o r e , t h e d i p l o i d g e r m p l a s m p r o v i d e s 
a l l e l i c v a r i a t i o n t h a t m a y enhance y i e l d because n o n - a d d i t i v e i n t r a - a n d i n t e r -
locus i n t e r a c t i o n s are i m p o r t a n t f o r m o s t v e g e t a t i v e l y p r o p a g a t e d c rops ( O r t i z 
2 0 0 2 ) . S o m e t i m e s h a p l o i d s are d e r i v e d f r o m a d a p t e d p o l y p l o i d c u l t i v a r s t o 
" c a p t u r e " t h i s gene t i c d i v e r s i t y i n crosses w i t h t h e d i p l o i d g e r m p l a s m . T h e s e 
hap lo id - spec ie s h y b r i d s o r t h e o r i g i n a l d i p l o i d s tocks t r a n s m i t t h i s gene t i c 
d i v e r s i t y t o t h e a d a p t e d p o l y p l o i d b r e e d i n g p o o l via 2 n gametes ( o r gametes 
w i t h t h e s p o r o p h y t i c c h r o m o s o m e n u m b e r ) . C G I A R breede r s i m p r o v i n g 
p o t a t o a n d p l a n t a i n t r a n s f e r r e d i m p o r t a n t cha rac te r i s t i c s s u c h a s pes t a n d 
disease res is tance, t o l e r a n c e o f a b i o t i c stresses, a n d p r o d u c e q u a l i t y u s i n g t h i s 
m e t h o d ( O r t i z 1998a; V u y l s t e k e e t a l . 1 9 9 7 ) . 
H y b r i d c lones m a y r e s u l t f r o m a r t i f i c i a l h a n d - p o l l i n a t i o n o r t h r o u g h 
poly-crosses a m o n g pa ren t s t h a t are se l ec ted o w i n g t o t h e i r spec i f ic c o m b i n i n g 
a b i l i t y . Poly-cross re fers t o a p o l l i n a t i o n s y s t e m based on n a t u r a l r a n d o m 
m a t i n g a m o n g s e l ec t ed g e n o t y p e s g r o w n t o g e t h e r i n i s o l a t e d p l o t s . T h e seeds 
f r o m t h e m u l t i p l e h y b r i d m i x t u r e s m a y b e also r e g a r d e d a s s y n t h e t i c c u l t i v a r s 
because t h e y are d e r i v e d f r o m se lec ted geno types t h a t c o m b i n e w e l l a m o n g 
t h e m ( O r t i z 1997a ; O r t i z 1 9 9 7 b ) . H y b r i d seed f r o m poly-crosses are o b t a i n e d 
f r o m i s o l a t e d p l o t s t o a v o i d c o n t a m i n a t i o n w i t h p o l l e n f r o m o t h e r n o n -
se l ec t ed c lones . 
S y n t h e t i c p o p u l a t i o n s d e r i v e d f r o m the se po ly -c rosses s h o u l d b e t e s t e d 
i n o t h e r l o c a t i o n s t o i d e n t i f y p r o m i s i n g o f f s p r i n g f o r s e l e c t i o n a n d c u l t i v a r 
d e v e l o p m e n t . L o c a l s e l ec t i ons f o l l o w a d y n a m i c c o n s e r v a t i o n a p p r o a c h o f 
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g e n e t i c r e sou rces because t a r g e t f a r m e r s p r e s e r v e d i s t i n c t , l o c a l l y a d a p t e d 
a n d i m p r o v e d g e n o t y p e s across l o c a t i o n s . P l o i d y m a n i p u l a t i o n s c o u p l e d 
w i t h t h i s b r e e d i n g a p p r o a c h b r o a d e n s t h e g e n e t i c base o f v e g e t a t i v e l y 
p r o p a g a t e d c r o p s , t h e r e b y e n h a n c i n g c r o p a d a p t a t i o n , a n d s u s t a i n i n g g e n e t i c 
gains i n r e s p e c t i v e b r e e d i n g p o o l s . E a r l y l o c a l l y a d a p t e d g e r m p l a s m w i t h 
e n h a n c e d a d a p t a t i o n t o s t r e s s -p rone e n v i r o n m e n t s o r r e s i s t ance t o pes ts a n d 
diseases w i l l a l l o w t h e sus t a inab le a n d e n v i r o n m e n t - f r i e n d l y p r o d u c t i o n o f 
v e g e t a t i v e l y p r o p a g a t e d c r o p s , w h i c h o f t e n are a f f e c t e d b y m a n y b i o t i c o r 
a b i o t i c stresses ( O r t i z , i n p r e s s ) . 
T h e r e are a b o u t 1 0 0 w i l d M a n i h o t species, w h i c h p r o v i d e a n i m p o r t a n t 
gene t i c e n d o w m e n t f o r cassava b r e e d i n g (Nassar 2 0 0 0 a ; Nassar 2 0 0 1 a ) , 
t h o u g h s o m e w i l d cassava i s u n d e r t h r e a t o f e x t i n c t i o n i n n a t u r a l h a b i t a t s i n 
S o u t h a n d C e n t r a l A m e r i c a (Nassar 2 0 0 0 b ) . P o l y p l o i d y a n d a p o x i m i s c o u l d 
p a r t i c i p a t e i n t h e e v o l u t i o n o f cassava w i t h i n t h e genus M a n i h o t . P o l y p l o i d y 
enhances gene t i c v a r i a t i o n , w h e r e a s t h e a p o m i c t i c m e c h a n i s m , w h i c h appears 
t o b e f a v o r e d b y n a t u r a l s e l e c t i o n , o f fe r s a n escape f r o m l e t h a l i t y a n d p r o v i d e s 
a m e a n s f o r p e r p e t u a t i n g t h e g e n o t y p e (Nassar 2 0 0 1 b ) . S e x u a l 
p o l y p l o i d i z a t i o n o c c u r s i n cassava because o f 2 n gametes , a n d s o m e p o l y p l o i d 
cassava g e n o t y p e s s h o w h i g h p l a n t v i g o r d u r i n g g r o w t h a n d r o o t y i e l d ( H a h n e t 
a l . 1 9 9 0 ) . P o l y p l o i d s a r i s ing f r o m sexua l p o l y p l o i d i z a t i o n f r o m i n t e r m a t i n g 
d i p l o i d s tocks m a y assist t o i n c o r p o r a t i n g des i r ab le t r a i t s f r o m w i l d species t o 
t h e c u l t i g e n gene p o o l o f cassava ( P e l o q u i n a n d O r t i z 1 9 9 2 ) . S u c h b r e e d i n g 
m e t h o d s f o r cassava, a n d f o r o t h e r v e g e t a t i v e l y p r o p a g a t e d c r o p s s h o u l d b e 
r e g a r d e d a s p a r t o f a n e v o l u t i o n a r y i m p r o v e m e n t a p p r o a c h because 
c o n v e n t i o n a l b r e e d i n g w i l l b e e n h a n c e d b y i n n o v a t i v e k n o w l e d g e - l e d m e t h o d s 
f o r i n t r o d u c i n g a d d i t i o n a l gene t i c v a r i a t i o n , a s d e s c r i b e d above ( O r t i z 2 0 0 3 ) , 
w h i c h w i l l acce le ra te t h e process o f r e c u r r e n t s e l e c t i o n i n t h e c r o p . 
New science to improve the food crops of the poor 
T h e las t c e n t u r y saw t h e r i s e o f gene t i c s w i t h f i n d i n g s t h a t D N A was t h e 
source o f h e r e d i t a r y m a t e r i a l . F r o m t h e 1 9 5 0 s t o t h e ea r ly 1 9 8 0 s sc ien t i s t s 
e l u c i d a t e d t h e d o u b l e h e l i x s t r u c t u r e o f t h e D N A m o l e c u l e , " c r a c k e d " t h e 
gene t i c c o d e , d e v e l o p e d m e t h o d s f o r i s o l a t i n g genes, a n d s t a r t e d u s i n g D N A 
r e c o m b i n a n t t e c h n i q u e s . T h e s e advances shaped a n i m a l a n d p l a n t b r e e d i n g 
a n d have a l l o w e d f o r m a j o r advances i n c r o p a n d l i v e s t o c k i m p r o v e m e n t 
( D o d d s e t a l . 2 0 0 1 ) . 
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T h e f u l l i m p a c t o f these d i scover ies is y e t t o b e r ea l i zed , b u t a p p l i c a t i o n s i n 
c u r r e n t use are: 
• C e l l a n d t i s sue c u l t u r e o f p l a n t cel ls p r o d u c e s u n i f o r m i n d i v i d u a l s o n a 
large scale. M i c r o - p r o p a g a t i o n t e c h n i q u e s have l e d t o d r a m a t i c p r o d u c t i o n 
increases i n cassava, y a m s , bananas a n d p l an ta ins , a m o n g o t h e r c rops . A n t h e r 
o r m i c r o s p o r e c u l t u r e sho r t ens t i m e r e q u i r e d t o d e v e l o p n e w c u l t i v a r s b y 
p r o d u c i n g d o u b l e d - h a p l o i d s . 
• G e n e t i c t r a n s f o r m a t i o n p r o v i d e s a means f o r i n c o r p o r a t i n g n e w genes f o r 
pes t a n d disease res is tance i n m a n y c rops . M a n y m i l l i o n s o f hec tares o f 
g e n e t i c a l l y e n g i n e e r e d c rops are g r o w n t h r o u g h o u t t h e w o r l d , p r i n c i p a l l y f o r 
c r o p s n e e d i n g large a m o u n t s o f pes t i c ides i n h i g h l y i n t e n s i v e p r o d u c t i o n 
sys tems , s u c h as m a i z e a n d soybeans. 
• D N A f i n g e r p r i n t i n g o f pes t a n d disease agents o r v e c t o r s p r o v i d e s b e t t e r 
u n d e r s t a n d i n g o f p a t h o g e n d i v e r s i t y a n d he lps p r e - e m p t b r e a k d o w n o f hos t 
p l a n t res is tance t o pests a n d diseases. 
• M o l e c u l a r - a i d e d analyses o f g e n e t i c d i v e r s i t y assist c h a r a c t e r i z a t i o n o f 
b r e e d i n g m a t e r i a l s , m a n a g e m e n t o f e x s i t u g e r m p l a s m c o l l e c t i o n s a n d 
p l a n n i n g f o r c o n s e r v a t i o n o f b i o d i v e r s i t y o r f o r i n s i t u / o n - f a r m m a n a g e m e n t o f 
p l a n t gene t i c resources f o r f o o d a n d a g r i c u l t u r e . 
• D N A m a r k e r s a l l o w sc ien t i s t s t o loca te genes o n a c h r o m o s o m e a n d 
d e v e l o p p l an t s a n d an ima l s w i t h spec i f ic disease a n d pes t t o l e r a n c e . S u c h 
D N A m a r k e r s w i l l assist b r eede r s i n t h e s e l e c t i o n process t o m o n i t o r 
i n t r o g r e s s i o n o f e x o t i c g e r m p l a s m i n t h e i r p o p u l a t i o n s , e.g. i n t rog re s s ing s t r iga 
res is tance f r o m t e o s i n t e t o m a i z e . M o r e r ecen t ly , t h e f i r s t p l a n t g e n o m e -
A r a b i d o p s i s was s e q u e n c e d a n d c rops , s u c h a s r i ce , are nea r ing c o m p l e t i o n . 
W h a t t h e h u m a n g e n o m e - s e q u e n c i n g p r o g r a m i s s t a r t i n g t o ach ieve m a y soon 
b e seen i n a g r i c u l t u r e . 
• N e w t e s t i n g t o o l s a n d t e c h n i q u e s a l l o w search ing f o r pests , diseases a n d 
dangerous f o o d c o n t a m i n a n t s , w h i c h w i l l h e l p t o ensure safe f o o d supp l ies . 
B io t echno logy i n s u b - S a h a r a n A f r i c a . T h e s taple foods o f d r y l a n d a g r i c u l t u r e 
(cassava, s o r g h u m , m i l l e t s , g r o u n d n u t , c h i c k p e a , c o w p e a , p igeonpea ) f e e d 
t e n s o f m i l l i o n s o f p o o r p e o p l e d a i l y y e t r ece ive r e l a t i v e l y l i t t l e a t t e n t i o n f r o m 
t h e b i o t e c h n o l o g y i n d u s t r y (Table 2 ) , because t h e y are n o t m a j o r cash c r o p 
c o m m o d i t i e s ( t h e y are m o s t l y c o n s u m e d i n t h e h o m e o r v i l l a g e ) . T h e C G I A R 
cen t e r s s h o u l d b r i d g e t h i s gap b y l i n k i n g a d v a n c e d research i n s t i t u t i o n s a r o u n d 
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Table 2. Number of nucleotide sequences of selected organisms deposited in the 
GenBank database as of April 2002 (Source: P Keese, IITA, and V Mahalakshmi, 
ICRISAT, personal communications). 
Organism 
Flowering plants (all species) 
Arabidopsis thaliana 
Soybean 
Maize 
Asian rice (Oryza sativa) 
Medicago truncatula 
Tomato 
Barley 
Wheat 
Potato 
Cotton 
Pea 
Alfalfa 
Onion 
Cassava 
Sweet potato 
Petunia 
Carrot 
Musa spp. (all species of banana and plantain) 
Cowpea 
Yam (all species of Dioscorea) 
Parsley 
Cacao 
Oil palm 
Groundnut 
African rice (Oryza glaberrima) 
Coconut 
Dioscorea rotundata (African white yam) 
Human 
Domestic rabbit 
Goldfish 
Number of sequences 
2,306,855 
311,271 
252,326 
247,747 
211,010 
180,000 
162,023 
157,560 
75,481 
69,580 
12,113 
1,378 
1,123 
1,115 
946 
473 
404 
340 
241 
203 
191 
171 
150 
83 
82 
39 
13 
3 
5,658,006 
5,690 
503 
196 
t h e w o r l d t o d e v e l o p i n g c o u n t r i e s t o h e l p t h e m share t h e b e n e f i t s o f 
b i o t e c h n o l o g y ( D o d d s e t a l . 2 0 0 1 ) . M o l e c u l a r m a r k e r s are b e i n g u s e d t o t a g 
spec i f i c c h r o m o s o m e segment s b e a r i n g t h e d e s i r e d gene(s) t o b e t r a n s f e r r e d 
( o r i n c o r p o r a t e d ) i n t o t h e b r e e d i n g l ines ( o r p o p u l a t i o n s ) (Table 3 ) w h i l e 
t r ansgen ic p l a n t s o f f e r n e w genes t o t h e b r e e d i n g p o o l . 
Table 3 . D N A m a r k e r s app l ica t ions in p lant b reed ing (After Ort iz a n d C r o u c h 2001 ) . 
Improved access and utilization of germplasm resources - DNA marker analysis for defining 
the genetic structure of plant populations, species, genera and families to optimize the acquisition, 
management and utilization of germplasm collections. 
Genetic analysis of breeding populations - For many crops, particularly tropical vegetatively 
propagated crops; the current genetic and cytogenetic knowledge restricts crop improvement 
efforts. Molecular markers are contributing to a substantial resurgence of progress in these areas. 
Parental selection and predicting progeny performance - based on genetic diversity estimated 
by DNA marker analysis. 
Marker-assisted selection - indirect selection of traits, which are difficult to score, expressed late 
in the growth season and/or traits which are a primary selection criterion but occur infrequently in 
breeding populations. 
Marker enhanced backcross breeding - when introgressing traits from exotic germplasm, DNA 
markers can be used for indirect selection of that trait plus simultaneous selection of offspring with 
the least amount of other genomic material from the exotic parent. 
Pyramiding genes from diverse sources - it may not be possible to identify different sources of 
resistance to the same disease through field evaluation. However, it is useful to combine different 
sources of resistance in the same cultivar to reduce the chance that the pathogen will evolve 
mechanisms to breakdown this resistance. Similarly, many genes may contribute to important 
agronomic characters such as yield but it may not be easy to identify the presence of individual 
genes through field evaluation. 
Fingerprinting for impact assessment and protection of plant breeders' rights - by identifying 
unique DNA marker fingerprints, elite lines can be identified in farmers' fields and in the pedigree of 
new cultivars. 
Comparative mapping - Recent studies on cereal crops have shown a high level of similarity of 
certain genes and the position of those genes in the genome across members of this diverse 
group. These developments will allow the considerable progress in model systems to be increas-
ingly utilized in related and unrelated species and genera. 
Gene isolation, function and manipulation - Based on dense DNA marker maps, scientists can 
move onto the isolation and characterization of single genes and whole genomic regions. From this 
point, rapid progress can be made in determining gene function or transferring important genes 
across species barriers. 
Fingerprinting pests - DNA marker analysis for phytosanitation screening or monitoring changes 
in pest populations to predict the breakdown of current sources of resistance to viruses, bacteria, 
fungi, nematodes, arthropods and insects). 
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Table 4 . Future prospect in the breed ing of t ropical f o o d c r o p s wi th D N A markers in 
s u b - S a h a r a n Afr ica (After Ort iz a n d C r o u c h 2001) . 
Vegetatively propagated crops 
Plantain and banana: Current priorities for the molecular breeding of Musa crops focus on the 
development of appropriate marker-assisted selection schemes for parthenocarpy, apical domi-
nance/regulated suckering and short cropping cycle. Thereafter, the focus will turn to markers for 
post-harvest characters and for favorable alleles contributing to heterosis in components of yield. 
Cassava: The development of markers for post-harvest characters and virus resistance appears to 
warrant the greatest emphasis for cassava breeders. In the longer-term, it is proposed that 
attention should focus on the development of DNA markers for tolerance of abiotic stresses and for 
storage characteristics. 
Yam: Many of the important agronomic characters in yam breeding are difficult or expensive to 
score. On this basis, marker-assisted selection could be warranted in this crop for resistance to 
nematodes and viruses, tuber dormancy, and post-harvest characters (texture, taste and oxida-
tion). Progress in the molecular breeding of potato might provide good orientation but cannot 
promise any direct benefits. 
Legumes 
Cowpea: As in most legumes grown in the semi-arid tropics, insect pests present the most 
overwhelming constraint. Thus, in cowpea, the development of markers for resistance to thrips, 
bruchids, Maruca and pod borer is of greatest priority. In the longer term, markers for resistance to 
the parasitic weed Striga and markers for genes contributing to drought resistance are a high 
priority intervention. 
Groundnut: Drought, fungi, viruses, bacteria and insect pests are among the major constraints in 
groundnut (also known as peanut) production. The identification of genome regions bearing the 
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C r o p b i o t e c h n o l o g y seems t o b e i n i t s i n fancy i n A f r i c a , some n a t i o n a l 
researchers are w e l l t r a i n e d i n t h i s area b u t l ack o f f u n d i n g f r o m t h e i r n a t i o n a l 
g o v e r n m e n t s does n o t a l l o w t h e m t a k e advantage o f t h e i r k n o w l e d g e a n d 
profess iona l sk i l l s . A m o n g t h e ag ro -b io t echno logy too l s , t issue c u l t u r e ranks f i r s t 
i n t h e m i c r o - p r o p a g a t i o n o f asexual c rops such a s cassava a n d t r e e c rops . D N A 
m a r k e r - a i d e d b r e e d i n g (Table 4 ) f o r a range o f t r a i t s ( p a r t i c u l a r l y t o o v e r c o m e 
diseases a n d pests o r l o w i n p u t e n v i r o n m e n t s ) s h o u l d b e c o m e t h e second m o s t 
i m p o r t a n t a p p l i c a t i o n o f ag ro -b io t echno logy i n t h e m i d - t e r m ( D e V r i e s a n d 
Toenninssen 2 0 0 1 ) . W h e n b iosafe ty l aws are enac t ed b y A f r i c a n g o v e r n m e n t s , 
a n d a p p r o p r i a t e r egu l a to ry f r a m e w o r k s a n d systems t o ensure f o o d safety a n d 
h u m a n h e a l t h , a n d m i n i m i z e e n v i r o n m e n t a l r i s k s are i n place, t h e n t ransgenic 
c rops m a y b e a d d e d t o t h e t o o l - k i t o f p l a n t b reeders w o r k i n g i n A f r i c a . 
Table 4. Continued 
genes controlling tolerance of or resistance to these constraints may be the main target, as a first 
step, for marker aided selection aiming to pyramid resistance within the cultivated gene pool or for 
germplasm enhancement with wild species, which possess the resistance genes for most biotic 
constraints. In addition, DNA markers should be used to identify diverse germplasm, which can be 
used to broaden the genetic base in groundnut breeding. 
Chickpea: Ascochyta blight, Fusarium wilt, root rots, Botrytis gray mold and pod borer are among 
the most important diseases and pests of chickpeas. A preliminary genetic map has been devel-
oped in this species but considerable work remains to identify markers, particularly for tolerance of 
and resistance to biotic stresses. 
Soybean: Tremendous advances in all aspects of the molecular breeding of soybean are being 
made in advanced laboratories, particularly in the USA. Although, these may provide substantial 
background understanding and perspective, many of the constraints to soybean cropping in sub-
Saharan Africa are very different. A high priority, for example, could be the use of marker-assisted 
breeding for selecting lines with the ability to cause germination of Striga hermonthica, a parasitic 
weed affecting maize but not soybean. In the longer term, increased nodulation and resistance to 
pod shattering would be highly important candidates for marker-assisted selection systems. 
Pigeon pea: Fusarium wilt, sterility mosaic virus, Phytophthora blight and pod borer substantially 
reduce crop productivity of pigeon peas. Resistance breeding to achieve both stability and 
productivity are top priority in the genetic enhancement of this pulse. Thus, DNA markers for pest 
and disease resistance will also be of utmost importance. The development of F1 hybrid cultivars of 
pigeonpea was the first amongst the legume crops. For this reason, the development of marker-
assisted selection for new sources of male sterility will also have high priority in this crop. 
Cereals 
Sorghum: The major stresses affecting sorghum are drought, striga, grain mould fungal diseases, 
anthracnose, foliar fungal diseases and insect pests such as stem borer, shoot fly, midge and head 
bugs. The use of microsatellite markers to assess genetic diversity has been helpful in defining 
new breeding strategies in this crop. Now the development of DNA markers for resistance to pests 
and diseases is receiving greatest priority. 
Pearl millet: The most important constraints are drought, high soil temperature, downy mildew, 
panicle diseases and insect pests. Markers for downy mildew resistance have already been 
developed and successfully used to aid the backcross breeding of a parental inbred line for an F1 
hybrid cultivar which is now grown on more than one million hectares across India. However, in the 
long-term marker-assisted selection should be used to generate new cultivars combining this 
source of resistance with horizontal polygenic background resistance to lengthen the probable life 
span of new cultivars. 
Maize: The development of biometrical techniques and their association with DNA marker data is 
probably more advanced in maize than in any other crop. Based on comparative mapping, it is 
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likely that sorghum in particular will greatly benefit from general advances in the molecular 
breeding of maize. However, in common with soybean, many of the specific constraints to maize 
production in sub-Saharan Africa are very different from those in the USA. Again of greatest 
importance is the identification of markers for resistance to the parasitic weeds striga and Sesamia. 
The development of striga resistant maize cultivars is crucial to the future success of maize 
production in sub-Saharan Africa, but it is sometimes extremely difficult and expensive to screen 
for this trait. 
Rice: Due to the great importance of this crop combined with its relatively small genome size, rice 
is probably the most intensively studied crop in terms of traditional and molecular genetics. In 
addition, when the genomes of the various cereal crops are aligned, rice can be placed at the very 
core, and thus rice has become known as the nodal species for the cereal crops. This finding has 
intensified molecular genetic research on rice, as progress in sequence-based research can be 
made most quickly in the crop with the smallest genome and then findings can be extrapolated to 
other cereal crops. 
An international, public agro-biotechnology strategy in research-for-
development.6 T h i s s t ra tegy f o r a g r o - b i o t e c h n o l o g y s h o u l d r e l y o n a p p l y i n g 
a p p r o p r i a t e b i o t e c h n o l o g i c a l t h e o r y a n d t o o l s t o i t s research a n d t o assess a n d 
d e m o n s t r a t e t h e i r e f fec t iveness a n d e f f i c i e n c y i n c o n t r i b u t i n g t o a c h i e v i n g 
i m p r o v e d a g r i c u l t u r a l p r o d u c t i v i t y a n d f o o d secur i ty , r e d u c e d p o v e r t y a n d t h e 
e f f e c t i v e m a n a g e m e n t a n d c o n s e r v a t i o n o f n a t u r a l resources f o r sus ta inable 
a g r i c u l t u r e i n sub-Saharan A f r i c a . T h i s s t ra tegy can b e i m p l e m e n t e d t h r o u g h 
s t r e n g t h e n e d c o l l a b o r a t i v e al l iances w i t h a d v a n c e d research i n s t i t u t e s i n b o t h 
t h e p u b l i c a n d p r i v a t e sectors w o r l d w i d e . These al l iances w i l l have t h e 
ob jec t ives o f d e v e l o p i n g a n d assessing t h e ef fec t iveness o f a range o f 
b i o t e c h n o l o g i c a l t o o l s a n d d e m o n s t r a t i n g h o w t h e y can b e u t i l i z e d a n d 
d e p l o y e d i n research f o r d e v e l o p m e n t p r o g r a m s t o serve n a t i o n a l in t e res t s 
w i t h i n sub-Saharan A f r i c a . A s i t s c o n t r i b u t i o n t o these al l iances a r eg iona l ( o r 
c o n t i n e n t a l ) research f a c i l i t y a n d capac i t y w i l l be necessary as an e f f e c t i v e 
r e source f o r e n h a n c i n g t h e r e s e a r c h - f o r - d e v e l o p m e n t agenda, T h i s f a c i l i t y can 
d e v e l o p , fos t e r a n d s u p p o r t b i o t e c h n o l o g y capac i ty b u i l d i n g i n A f r i c a t h r o u g h 
research c o l l a b o r a t i o n , t r a i n i n g a n d p u b l i c awareness p r o g r a m s , a n d can assist 
i n t h e t r ans fe r o f b i o t e c h n o l o g y t o o l s a n d p r o d u c t s t o t h e m a r k e t p l a c e i n t h e 
c o n t i n e n t . 
6. This section ensues from discussions with Drs P Hartmann, I Ingelbrecht and other IITA colleagues. 
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I n s u m m a r y , t h i s a g r o - b i o t e c h n o l o g y s t ra tegy m u s t energize a n d s t r e n g t h e n 
a p p r o p r i a t e aspects o f r e l evan t m o l e c u l a r l i f e science research t o m e e t A f r i c a n 
f o o d a n d i n c o m e needs by : 
• C o n d u c t i n g a p p l i e d b i o t e c h n o l o g y research address ing p r i o r i t y areas in 
t h e d e v e l o p m e n t agenda f o r a g r i c u l t u r e ; 
• T rans fe r r ing , w h e n a n d w h e r e a p p r o p r i a t e a n d i n c o l l a b o r a t i o n w i t h 
pa r tne r s overseas a n d o n t h e c o n t i n e n t , b i o t e c h n o l o g y p r o d u c t s f r o m t h e 
l a b o r a t o r y t o t h e m a r k e t p l a c e ; 
• Se rv ing as a p l a t f o r m f o r t e c h n o l o g y t r ans fe r b e t w e e n overseas a d v a n c e d 
research i n s t i t u t e s a n d A f r i c a ; a n d 
• E n h a n c i n g capac i ty o f se l ec ted pa r tne r s i n sub-Saharan A f r i c a t o a p p l y 
a n d m o n i t o r b i o t e c h n o l o g y via c o m p r e h e n s i v e i n t e r a c t i o n s a n d t r a i n i n g -
t h r o u g h - r e s e a r c h p r o g r a m s . 
O w i n g t o l i m i t e d f u n d i n g , s t ra tegic b i o t e c h n o l o g y research h a d t o b e 
c e n t r a l i z e d a t t h i s r eg iona l (o r c o n t i n e n t a l ) f a c i l i t y . H o w e v e r , t h e r o u t i n e 
a p p l i c a t i o n s o f b i o t e c h n o l o g y s h o u l d b e i n t h e m i d - t o l o n g - t e r m d e c e n t r a l i z e d 
a n d close t o t h e end-user , i .e . l a b o r a t o r y a n d e q u i p m e n t f o r m i c r o -
p r o p a g a t i o n , m i n i m u m e q u i p m e n t f o r m o l e c u l a r m a r k e r t e c h n o l o g y t o 
s u p p o r t d iagnos t ics o f pa thogens ( p a r t i c u l a r l y , v i ruses) a n d f i n g e r p r i n t i n g o f 
p l a n t b r e e d i n g ma te r i a l s s h o u l d b e avai lable i n e x p e r i m e n t a l s ta t ions across 
t h e c o n t i n e n t . 
Biotechnology and genetic enhancement. P lan t b reeders d e t e r m i n e t h e i r 
gene t i c response t o s e l ec t i on (R) b y t h e f o l l o w i n g e q u a t i o n : 
R = i h 2 s p 
w h e r e i i s t h e s e l e c t i o n i n t ens i t y , expressed in s t a n d a r d i z e d u n i t s , h 2 i s 
t h e na r row-sense h e r i t a b i l i t y i n t h e re fe rence p o p u l a t i o n , a n d s p i s t h e 
p h e n o t y p i c s t a n d a r d d e v i a t i o n o f t h e se l ec ted cha rac te r i s t i c . For e x a m p l e , i n 
vitro t e c h n i q u e s m a y p r o v i d e a means f o r ach i ev ing a h i g h e r i n t e n s i t y of 
s e l ec t ion , whereas m o l e c u l a r m a r k e r s are b e i n g u sed t o tag spec i f ic 
c h r o m o s o m e segments bea r ing t h e d e s i r e d gene(s) t o b e t r a n s f e r r e d ( o r 
i n c o r p o r a t e d ) i n t o t h e b r e e d i n g l ines ( o r p o p u l a t i o n s ) . I n t h i s way , i n d i r e c t 
s e l ec t i on w i t h c o - d o m i n a n t m o l e c u l a r m a r k e r s t i g h t l y l i n k e d t o t h e gene(s) 
c o n t r o l l i n g t h e cha rac te r i s t i c (s) o f i n t e r e s t i m p r o v e s R , because c o - d o m i n a n t 
m a r k e r s have an h 2 equa l t o 1 Transgenic p l an t s o f f e r n e w genes t o t h e 
b r e e d i n g p o o l , t hus , e n h a n c i n g t h e p h e n o t y p i c s t anda rd d e v i a t i o n o f t h e 
p o p u l a t i o n . 
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A c c e l e r a t i n g progress b y s h o r t e n i n g the b r e e d i n g cyc le . 7 Techn iques t o d e v e l o p 
h o m o z y g o u s p l an t s in a s ingle g e n e r a t i o n , k n o w n as d i h a p l o i d s , are b e c o m i n g 
r o u t i n e i n cerea l b r e e d i n g . C u l t u r e d sp ike le t s genera te d o u b l e h a p l o i d s f r o m 
f e m a l e gametes . T h e p l an t s d e r i v e d b y us ing t h i s m e t h o d can set seed 
n o r m a l l y , su rv ive a n d r e p r o d u c e o u t s i d e t h e l abora to ry , t h u s s h o r t e n i n g t h e 
b r e e d i n g c y c l e t o p r o d u c e u n i f o r m l ines , a n d acce le ra t ing t h e d e v e l o p m e n t o f 
n e w c u l t i v a r s . L i k e w i s e , gene t ic i s t s possess n e w t o o l s f o r i d e n t i f y i n g a n d 
i so l a t i ng genes t h a t g o v e r n spec i f ic charac te r i s t i c s , t h e r e b y e n h a n c i n g t h e i r 
a b i l i t y t o m a n i p u l a t e genes a n d d e v e l o p n e w c u l t i v a r s w i t h h i g h y i e l d , 
e n h a n c e d resis tance t o pests a n d diseases, a n d i m p r o v e d a d a p t a t i o n t o 
t a r g e t e d agro-ecozones. In pea r l m i l l e t , a c r o s s - p o l l i n a t e d cereal , 
h o m o z y g o s i t y was a c h i e v e d i n a single g e n e r a t i o n us ing t h e d o u b l e h a p l o i d 
t e c h n i q u e o n f e m a l e gametes . P l o i d y was c o n f i r m e d us ing r o o t cel ls f r o m a 
gynogen ic p l a n t ( i . e . a m a t e r n a l h a p l o i d ) t h a t s h o w e d seven c h r o m o s o m e s . 
G e n e t i c t r a n s f o r m a t i o n to overcome pest a n d disease cons t ra in t s . A b o u t 5.5 
m i l l i o n f a r m e r s g r e w 5 2 . 6 m i l l i o n hectares o f t ransgenic c rops i n 2 0 0 1 (James 
2 0 0 1 ) . T h e charac te r i s t i c s m o s t c o m m o n l y i n c o r p o r a t e d i n t o n e w c u l t i v a r s o r 
b r e e d i n g l ines t h r o u g h gene t ic eng inee r ing i n c l u d e resis tance t o he rb i c ide s , 
insects a n d v i ruses . P h i p p s a n d Park ( 2 0 0 1 ) p r o v i d e d r e c e n t ex pos t a n d ex 
an t e assessments o f t h e e n v i r o n m e n t a l b e n e f i t s o f gene t i ca l l y m o d i f i e d c rops 
( w i t h g loba l a n d E u r o p e a n perspec t ives , r e s p e c t i v e l y ) f o r r e d u c i n g pes t i c ides . 
A v a i l a b l e t ransgenic c rops r e d u c e d p e s t i c i d e use b y a t o t a l o f 2 2 . 3 m i l l i o n 
k i l o g r a m s o f f o r m u l a t e d p r o d u c t i n t h e year 2 0 0 0 . E x an t e analysis, a s suming 
i f 5 0 % o f t ransgen ic ma ize , o i l seed rape, sugar bee t a n d c o t t o n are g r o w n i n 
t h e E U , ind ica t e s t h a t p e s t i c i d e use i n t h i s r e g i o n w o u l d decrease b y 14 .5 
m i l l i o n k g o f f o r m u l a t e d p r o j e c t ( 4 . 4 m i l l i o n k i l o g r a m s ac t ive i n g r e d i e n t ) . I n 
a d d i t i o n t h e r e w o u l d b e a r e d u c t i o n o f 7.5 m i l l i o n hectares s p r a y e d w h i c h 
w o u l d save 2 0 . 5 m i l l i o n l i t e r s o f d iese l a n d r e su l t i n a r e d u c t i o n o f 
a p p r o x i m a t e l y 7 3 , 0 0 0 t o f c a r b o n d i o x i d e b e i n g re leased i n t o t h e a t m o s p h e r e . 
Transgenic crops a n d i n t e g r a t e d pest m a n a g e m e n t ( I P M ) . 8 T h e d e p l o y m e n t o f 
t r ansgen ic c rops w i t h i n s e c t i c i d a l genes f o r pes t c o n t r o l w i l l l e ad t o t h e 
r e d u c t i o n i n i n s e c t i c i d e sprays, a n inc reased a c t i v i t y o f n a t u r a l enemies , a n d 
I P M o f secondary pests . H o w e v e r , a s w i t h any o t h e r t e chno logy , t h e r e are 
s o m e p r o b l e m s associa ted w i t h t h e u t i l i z a t i o n o f t ransgen ic pes t res i s tan t 
c rops ( S h a r m a e t a l . 2 0 0 0 ) . For e x a m p l e , secondary pests are n o t c o n t r o l l e d i n 
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t h e absence o f sprays f o r t h e m a j o r pests , a n d c o n t r o l o f secondary pests 
r equ i r e s c h e m i c a l sprays t h a t w i l l k i l l t h e n a t u r a l enemies , t h u s o f f s e t t i n g one 
o f t h e advantages o f t ransgenic c rops . F u r t h e r m o r e , t ransgenic c rops m a y have 
v e r y h i g h costs, a n d t h e p r o x i m i t y t o sp rayed f ie lds w i l l r e d u c e t h e bene f i t s o f 
t ransgenic c rops . Insec t m i g r a t i o n m a y also r e d u c e t h e ef fec t iveness o f 
t ransgenic c rops , a n d last b u t n o t least, insects a n d o t h e r c r o p pa thogens m a y 
d e v e l o p resis tance t o t h e t ransgenes because o f pe r s i s t en t e x p o s u r e . 
T h e r e f o r e , d e p l o y m e n t o f t ransgenic c rops w i t h pest resis tance m u s t b e 
i n t e g r a t e d i n t o a n I P M strategy, because t h e m a n a g e m e n t o f pests needs t o b e 
seen as an i n t e g r a l aspect o f f a r m i n g sys tems. I n d e e d , t ransgenic c rops can 
f u r t h e r i n t e r a c t p o s i t i v e l y w i t h b i o - c o n t r o l i n t e r v e n t i o n s a s s h o w n b y c o t t o n 
I P M i n A u s t r a l i a ( M e n s a h 2 0 0 2 a ; M e n s a h 2 0 0 2 b ) . E n t o m o l o g i s t s , b reeders 
a n d m o l e c u l a r b io log i s t s n e e d t o d e t e r m i n e h o w t o d e p l o y t h i s t e c h n o l o g y f o r 
pes t m a n a g e m e n t , a n d a t t h e same t i m e r e d u c e poss ible e n v i r o n m e n t a l 
hazards. A n a p p r o p r i a t e u n d e r s t a n d i n g w i l l be n e e d e d a b o u t t h e insec t b i o l o g y 
a n d behavior , i t s response t o t h e i n s e c t i c i d a l p r o t e i n s , a n d t e m p o r a l a n d spat ia l 
expres s ion o f i n s e c t i c i d a l p r o t e i n s i n p lan t s . S u c h k n o w l e d g e w i l l h e l p d e p l o y 
a n e n v i r o n m e n t a l l y s o u n d s t ra tegy f o r resis tance m a n a g e m e n t , a n d perhaps t o 
d e t e r m i n e t h e i m p a c t o f i n s e c t i c i d a l p r o t e i n s o n n a t u r a l enemies a n d n o n -
t a rge t o rganisms . L i k e w i s e , a n adequa te m e c h a n i s m t o d e l i v e r t h e t e c h n o l o g y 
t o t h e resource p o o r f a r m e r s s h o u l d b e d e v e l o p e d . 
Trangenic crops f o r the s e m i - a r i d t r o p i c s . 9 G e n e t i c t r a n s f o r m a t i o n p r o v i d e s a 
c o m p l e m e n t a r y means t o c r o p b r e e d i n g , especia l ly f o r t r a i t s t h a t are rare o r 
n o t avai lable i n t h e i nves t i ga t ed gene p o o l ( S h a r m a a n d O r t i z 2 0 0 0 ; S h a r m a e t 
a l . 2 0 0 1 ) . V a r i o u s steps i n t h e p r o d u c t i o n o f t ransgenic p l an t s i n c l u d e i s o l a t i o n 
a n d m u l t i p l i c a t i o n o f d e s i r e d genes, a n d i n c o r p o r a t i o n o f these genes i n t o 
p l an t s b y a d o p t i n g su i t ab le r e g e n e r a t i o n a n d t r a n s f o r m a t i o n t echno log ie s . 
Regenera t ion , us ing s o m a t i c embryogenes i s , p lu s t r a n s f o r m a t i o n p r o t o c o l s 
( w i t h b io l i s t i c s - or A g r o b a c t e r i u m tumefaciens - m e d i a t e d gene t r ans fe r ) 
appear p r o m i s i n g f o r t r a n s f e r r i n g resis tance against v i ruses a n d insects i n t o 
l e g u m i n o u s c rops such a s g r o u n d n u t ( S h a r m a a n d A n j a i a h 2 0 0 0 ) , c o w p e a 
( A n a n d e t a l . 2 0 0 1 ) a n d p igeonpea ( S h a r m a a n d O r t i z 2 0 0 0 ) , a s w e l l a s i n 
s o r g h u m ( N See tharama, I C R I S A T , pe r sona l c o m m u n i c a t i o n ) . H o p e f u l l y 
t ransgenic p lan t s o f these c rops w i t h resis tance t o m a j o r b i o t i c cons t r a in t s w i l l 
b e avai lable soon f o r t e s t i n g i n t h e s e m i - a r i d t r o p i c s o f t h e w o r l d . 
9. Drs KK Sharma and N Seetharama were the main sources of information for this section. 
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W i t h t h e a v a i l a b i l i t y o f a su i t ab le s t e m b o r e r r ea r ing f ac i l i t y , I C R I S A T 
researchers t e s t e d t h e e f f i cacy o f several B t t o x i n s t o c o n t r o l C h i l o borer . T h e y 
also successful ly d e v i s e d a p r o t o c o l f o r gene t ic t r a n s f o r m a t i o n o f s o r g h u m 
us ing p a r t i c l e b o m b a r d m e n t m e t h o d a n d a m a r k e r gene c o n f e r r i n g resis tance 
t o h e r b i c i d e p h o s p h i n o t h r i c i n . W o r k i s also i n progress t o genera te t ransgenics 
w i t h a C r y 1 A c gene c o n s t r u c t a long w i t h t h e h e r b i c i d e resis tance gene u s e d a s 
a se lec table m a r k e r . 
M o r e t h a n 1 0 0 p u t a t i v e t r a n s f o r m a n t s o f g r o u n d n u t expressed t h e coa t 
p r o t e i n gene o f p e a n u t c l u m p v i r u s ( P C V - c p ) ( S h a r m a a n d A n j a i a h 2 0 0 0 ) . 
Po lymerase c h a i n r e a c t i o n ( P C R ) a n d S o u t h e r n b l o t h y b r i d i z a t i o n r evea l ed 
t h e i n t e g r a t i o n o f P C V - c p i n ove r 5 0 % o f t h e p u t a t i v e t r a n s f o r m a n t s . W h i l e 
7 0 % o f t h e t r a n s f o r m a n t s c a r r y a s ingle gene, t h e res t c a r ry t w o t o i n excess o f 
e i g h t copies o f t h e gene w h e n ana lyzed i n t h e f i r s t g e n e r a t i o n o f t r a n s f o r m e d 
p l an t s (o r T 1 ) . W o r k o n t h e i r f u r t h e r c h a r a c t e r i z a t i o n , i n c l u d i n g resis tance t o 
P C V , i s o n g o i n g . T h i s appears t o b e one o f t h e f i r s t r e p o r t s w h e r e such large 
n u m b e r s o f t ransgenic g r o u n d n u t p lan t s w e r e r e c o v e r e d . S i m i l a r l y , res is tance 
t o t h e g r o u n d n u t ro se t t e assister l u t e o v i r u s m a y b e avai lable soon b y 
i n t r o d u c i n g coa t p r o t e i n gene a n d p u t a t i v e p o l y m e r a s e gene o f t h e l u t e o v i r u s . 
B iosa fe ty . 1 0 W i t h t h e above advances i n gene t i c t r a n s f o r m a t i o n o f c rops f r o m 
t h e s e m i - a r i d t r o p i c s , soon t ransgen ic p l an t s ( n o w i n glasshouses) w i l l be 
s e l ec t ed f o r f i e l d - t e s t i n g f o l l o w i n g i n t e r n a t i o n a l b iosa fe ty s tandards f o r 
t ransgenic t r i a l s ( S h a r m a e t a l . 2 0 0 2 ) . A f t e r t h o r o u g h l y m o n i t o r i n g t ransgenic 
p lan t s f o r t h e presence o f d e s i r e d gene(s) , t h e y s h o u l d b e e v a l u a t e d i n a 
c o n t a i n m e n t f ac i l i t y , w h i c h c o n f o r m s t o a P 2 l eve l o f b iosa fe ty a n d i n c l u d e : 
• Insect p r o o f conditions. E v e n s m a l l insects , such as t h r i p s , c a n n o t e n t e r 
t h e glasshouse. 
• Pollen proof . Spec ia l f i l t e r s p r e v e n t p o l l e n escapes f r o m t ransgenic 
c rops . 
• S h a t t e r p r o o f p o l y c a r b o n a t e sheet c o v e r i n g t h e glasshouse s tops t h e 
p o l l e n escaping. 
• N e g a t i v e pressure i s m a i n t a i n e d to a v o i d a i r b o r n e d i spersa l . 
• An ef f luent t r e a t m e n t p lant s tops s o i l - b o r n e a n d w a t e r - b o r n e d i spersa l . 
• Prevent ing contaminat ion f r o m p e r s o n n e l by d e c o n t a m i n a t i n g c l o t h i n g , 
t oo l s , po t s , a n d e q u i p m e n t . 
• Excess w a t e r after water ing t h e p l an t s a n d f r o m o t h e r ope ra t i ons i s 
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10. This section benefits from interactions with Dr DVR Reddy (ICRISAT, India). 
c o l l e c t e d i n t o a s u m p h o u s e d w i t h i n t h e f ac i l i t y , a n d t h e n p u m p e d us ing 
l e v e l sensors i n t o a n o t h e r s u m p l o c a t e d o u t s i d e t h e f ac i l i t y . W a t e r i s 
a l l o w e d t o stay f o r one day b e f o r e i t i s d i s cha rged i n t o t h e dra inage 
sy s t em. T h e e n t i r e o p e r a t i o n i s a u t o m a t e d . 
• Ster i l iz ing b y autoclaving a l l m a t e r i a l e n t e r i n g i n t o t h e f ac i l i t y . A l l 
t ransgenic p lan t s w i l l b e d i sposed b y i n c i n e r a t i o n . 
• C o n s t a n t m o n i t o r i n g o f hos t p l an t s g r o w n i n t h e v i c i n i t y o f t h e f a c i l i t y . 
New diagnostic tools warn of dangerous food contaminants.11 T h e r u r a l p o o r 
a n d t h e i r l i v e s t o c k o f t e n c o n s u m e cheap, m o l d - i n f e c t e d nu t s , cereals a n d 
spices c o n t a i n i n g ca rc inogen ic a n d i m m u n o s u p p r e s s i v e a f l a tox ins , w h i c h are 
p r o d u c e d b y t h e f u n g i A s p e r g i l l u s f l a v u s a n d A . p a r a s i t i c u s . Besides 
endange r ing h u m a n h e a l t h , a f l a t o x i n c o n t a m i n a t i o n e f f e c t i v e l y b l o c k s 
g r o u n d n u t e x p o r t s , a los t i n c o m e o p p o r t u n i t y f o r f a rmer s o f t h e s e m i - a r i d 
t r o p i c s . O n e o f t h e m a j o r p r o b l e m s has b e e n t h e l ack o f t o o l s f o r cost e f f e c t i v e 
e s t i m a t i o n o f a f l a tox ins i n f o o d a n d f e e d because ana ly t i c a l p r o t o c o l s are 
expens ive . I m m u n o c h e m i c a l m e t h o d s o f f e r cost e f f ec t i ve w a y s t o e s t i m a t e 
a f l a tox ins . I n d i r e c t c o m p e t i t i v e penic i l lanase-based E L I S A tests d e v e l o p e d a t 
I C R I S A T ( D e v i e t a l . 2 0 0 0 ) can d e t e c t ca rc inogenic a f l a tox ins f o r a m e r e U S $ 
1 p e r s ample versus U S $ 1 2 f o r i m p o r t e d t e s t k i t s . S i m i l a r l y , E L I S A f o r t h e 
d e t e c t i o n a n d resis tance sc reen ing o f s t e r i l i t y mosa ic v i r u s i n p igeonpea has 
b e e n d e v e l o p e d . 
Understanding the enemy: pre-empting breakdowns of plant resistance to 
diseases.11 D N A f i n g e r p r i n t i n g a n d b a n d i n g p a t t e r n s o f D N A m a r k e r s revea l 
gene t ic v a r i a b i l i t y in funga l pa thogens so t h a t a p p r o p r i a t e resistances can be 
d e p l o y e d i n advance . For e x a m p l e , a m i c r o s a t e l l i t e m a r k e r de t ec t s v a r i a b i l i t y 
i n hos t - spec i f i c p a t h o t y p e s o f Sclerospora g r a m i n i c o l a , t h e d o w n y m i l d e w 
p a t h o g e n i n pea r l m i l l e t (Sas t ry e t a l . 1995 ; T h a k u r e t a l . 1 9 9 9 ) . F u r t h e r m o r e , 
D N A f i n g e r p r i n t i n g shows v a r i a b i l i t y a m o n g sexual a n d asexual p rogenies o f 
Sclerospora g r a m i n i c o l a . A l s o D N A m a r k e r p a t t e r n s w e r e able t o d i s c r i m i n a t e 
a m o n g I n d i a n , A u s t r a l i a n a n d A m e r i c a n strains o f C o l l e t o t r i c h u m g r a m i n i c o l a , 
t h e s o r g h u m an thracnose p a t h o g e n . 
Finding genes with DNA markers and magnifying the power of selection in plant 
breeding.12 M o l e c u l a r m a r k e r s are desc r ip to rs t h a t o f fe r r e p r o d u c i b l e resul ts f o r 
1 1 . Drs DE Hess (ICRISAT, Mal i ) and RP Thakur (ICRISAT, India) share their knowledge w i t h the author 
on this section. 
12. Information provided by Drs JH Crouch, CT Hash and N Seetharama (ICRISAT, India). 
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cha rac te r i z ing geno types ( O r t i z 2 0 0 2 ) . S imi l a r l y , a p p l i e d p l a n t g e n o m i c s also 
i m p r o v e s t h e u n d e r s t a n d i n g o f c r o p gene pools , w h i c h are b e i n g en la rged b y 
i n c l u d i n g transgenes a n d "na t ive" gene poo l s . F u r t h e r m o r e , f i n d i n g n e w genes 
adds va lue t o t r a d i t i o n a l a g r i c u l t u r a l p r o d u c t s . T h e r e are m a n y o n g o i n g 
app l i ca t ions o f D N A m a r k e r s i n r e sea rch - fo r -deve lopmen t a n d c r o p 
i m p r o v e m e n t f o r t h e s e m i - a r i d t r o p i c s ( O r t i z a n d C r o u c h 2 0 0 1 ) . M a r k e r -
assisted se l ec t ion a n d - a ided in t rog res s ion are b e i n g u s e d t o loca te a n d select 
genes f o r c o n t r o l l i n g i m p o r t a n t q u a l i t y a n d disease o r pest res is tant t r a i t s . 
A p e a r l m i l l e t l i nkage m a p u s i n g a d ive r se ar ray o f m o l e c u l a r m a r k e r s 
(RFLP, S T S , A F L P , S S R a n d s o m e i sozymes ) was successfu l ly u s e d t o d e t e c t 
q u a n t i t a t i v e t r a i t l o c i ( Q T L ) c o n t r i b u t i n g t o res is tance t o A f r i c a n a n d A s i a n 
d o w n y m i l d e w p o p u l a t i o n s (Jones e t a l . 1 9 9 5 ) . T h e Q T L analysis f o r 
res is tance t o d o w n y m i l d e w isolates i n p e a r l m i l l e t , c o l l e c t e d a t t h r e e si tes i n 
A f r i c a a n d o n e i n I n d i a , suggest t h a t a m a j o r Q T L f o r res is tance ex i s t s i n 
l i n k a g e g r o u p I V f o r t h e isolates c o l l e c t e d f r o m Sadore ( N i g e r ) , P a t a n c h e r u 
( I n d i a ) a n d B a m a k o ( M a l i ) . H o w e v e r , t h i s Q T L does n o t p r o v i d e res is tance t o 
t h e i so la te o f d o w n y m i l d e w f r o m N g u r u ( N i g e r i a ) . N o t o n l y have Q T L b e e n 
m a p p e d , b u t t h i s has b e e n f o l l o w e d u p w i t h marke r - a s s i s t ed s e l e c t i o n 
p r o g r a m s t h a t are n o w b e g i n n i n g t o bear f r u i t . Researchers are f i e l d t e s t i n g 
h y b r i d s f r o m n e w ve r s ions o f a n e l i t e p o l l i n a t o r possessing n e w d o w n y m i l d e w 
res is tance gene c o m p l e m e n t s a n d a Q T L f o r inc reased p l a n t h e i g h t a n d 
b iomass , w h i c h i s n o t assoc ia ted w i t h d e l a y e d m a t u r i t y , f r o m a s ingle p l a n t 
s e l e c t i o n o f a n o t h e r e l i t e p o l l i n a t o r . W i t h m o r e r e c e n t advances i n D N A 
m a r k e r - a s s i s t e d b r e e d i n g , a n e w gene res is tance d e p l o y m e n t a p p r o a c h was 
sugges ted a n d i t consis ts o f gene p y r a m i d i n g i n t h r e e - w a y h y b r i d s a n d 
s y n t h e t i c p a r e n t p o p u l a t i o n s o f p e a r l m i l l e t ( W i t c o m b e a n d H a s h 2 0 0 0 ) . 
S o r g h u m p r o d u c t i o n i n A f r i c a i s severely c o n s t r a i n e d b y t h e l ack o f 
resis tance to str iga, w h i c h i s a c o m p l e x q u a n t i t a t i v e t r a i t . Transfer o f resistance 
t o s t r iga i n t o a d a p t e d s o r g h u m cu l t iva r s has been l i m i t e d d u e t o i nadequa te 
i n f o r m a t i o n o n t h e genet ics o f resistance ( H a u s s m a n n e t a l . 2 0 0 0 a ) , a n d t h e 
d i f f i c u l t y o f eva lua t ing resistance i n t h e f i e l d ( H a u s s m a n n e t a l . 2 0 0 0 b ) . T w o 
m a p p i n g p o p u l a t i o n s (RIPs ) , each cons i s t ing o f 2 2 6 F 3 - d e r i v e d F 5 l ines (F3 
f a m i l i e s ) , w e r e d e v e l o p e d f r o m t h e crosses I S 9 8 3 0 ( a l o w p r o d u c e r o f 
s t i m u l a n t f o r s tr iga g e r m i n a t i o n ) x E 3 6 - 1 (s tr iga suscept ib le , b u t t e r m i n a l 
d r o u g h t t o l e r a n t ) ( R I P 1 ) a n d N 13 ( i m p e d e s parasi te a t t a c h m e n t to i t s roo t s by 
" m e c h a n i c a l " bar r ie rs ) x E 3 6 - 1 ( R I P 2 ) . M a r k e r analyses w e r e p e r f o r m e d w i t h 
b u l k e d D N A f r o m 2 0 p l an t s p e r F 3 f a m i l y . R I P 1 was g e n o t y p e d f o r 177 m a r k e r 
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l o c i ( 1 5 1 A F L P , 16 RFLP, 4 SSR, 6 R A P D ) . R I P 2 was scored f o r 2 4 3 m a r k e r l o c i 
( 1 9 7 A F L P , 20 RFLP, 9 SSR, 17 R A P D ) . For R I P 1 , t h e g e n o m i c m a p h a d a t o t a l 
l e n g t h o f 8 7 2 c M , a n d c o n t a i n e d 147 m a r k e r s d i s t r i b u t e d over 1 0 m e a n i n g f u l 
l inkage groups (at L O D 1 3 5 .1 ) . For R I P 2 , t h e m a p c o m p r i s e d a t o t a l l e n g t h o f 
9 3 9 c M , a n d c o n t a i n e d 191 m a r k e r s d i s t r i b u t e d ove r 1 1 m e a n i n g f u l l inkage 
g roups (at L O D 4 . 5 ) . A h i g h goodness-of- f i t i n d i c a t e d h i g h r e l i a b i l i t y o f t h e 
l inkage m a p s f o r b o t h RIPs. H o w e v e r , t h e t o t a l lengths o f t h e g e n o m i c m a p s are 
l o w e r t h a n e x p e c t e d . F i e l d r e a c t i o n t o str iga o f b o t h RIPs was eva lua t ed f o r t w o 
years i n K e n y a , M a l i a n d B u r k i n a Faso. I n a d d i t i o n , g e r m i n a t i o n d is tance , a 
measure o f t h e p r o p o r t i o n o f str iga seeds g e r m i n a t i o n b y a hos t geno type , was 
d e t e r m i n e d f o r R I P 1 i n a n agar-gel assay ( l a b o r a t o r y ) . T w o t o e igh t Q T L w e r e 
i d e n t i f i e d f o r g e r m i n a t i o n d is tance w i t h t h e i n d i v i d u a l str iga p o p u l a t i o n s . T h e 
m o d e r a t e percentage o f genet ic var iance e x p l a i n e d b y t h e Q T L ind ica tes t h a t n o 
m a r k e r was close t o t h e ( m a j o r ) gene f o r l o w s t i m u l a n t p r o d u c t i o n . For area 
u n d e r t h e striga n u m b e r progress c u r v e ( a measure o f i n f e s t a t i on sever i ty ) i n t h e 
i n d i v i d u a l e n v i r o n m e n t s , t h e n u m b e r o f Q T L ranged f r o m zero t o s ix i n R I P 1 
a n d f r o m t h r e e t o e igh t i n R I P 2 . N o Q T L s e e m e d t o b e c o m m o n t o a l l 
e n v i r o n m e n t s i n e i t h e r R I P , w h i c h m a y b e a t least p a r t l y d u e t o t h e v a r i a t i o n i n 
striga p o p u l a t i o n s . W o r k i s c o n t i n u i n g t o re f ine t h e Q T L analyses a n d d e t e r m i n e 
precise pos i t ions a n d effects o f t h e Q T L . Fur the r , a d d i t i o n a l m a r k e r s are b e i n g 
a d d e d t o t h e g e n o m i c maps o f b o t h m a p p i n g p o p u l a t i o n s t o b e t t e r cover t h e 
s o r g h u m g e n o m e . 
D N A m a r k e r s are also p l a y i n g a n i m p o r t a n t r o l e i n t h e gene t i c 
m a n i p u l a t i o n t o i m p r o v e d i g e s t i b i l i t y a n d f e e d q u a l i t y o f s o r g h u m a n d m i l l e t 
c r o p res idues . Ex ante i m p a c t assessment shows t h a t a m e r e increase o f 1% in 
s tove r d i g e s t i b i l i t y resu l t s i n U S $ 4 2 t o 2 0 8 m i l l i o n , d e p e n d i n g o n a d o p t i o n 
rates inc reas ing f r o m 1 0 % u p w a r d s ( K r i s t j a n s o n a n d Z e r b i n i 1 9 9 9 ) . P r e d i c t e d 
rates o f r e t u r n t o research i n v e s t m e n t v a r y f r o m 2 8 % t o 4 3 % , w i t h 
c o r r e s p o n d i n g b e n e f i t x o s t r a t ios o f 15 :1 t o 6 9 : 1 , r e spec t ive ly . Researchers 
f r o m t h e C G I A R t o g e t h e r w i t h o t h e r research p a r t n e r s w o r l d w i d e are m a k i n g 
s ign i f i can t progress t o m a p Q T L c o n t r o l l i n g t h e cha rac te r i s t i c s f o r s tove r a n d 
f o d d e r q u a l i t y i n p e a r l m i l l e t a n d c o w p e a . A f t e r these Q T L are m a p p e d , p e a r l 
m i l l e t a n d c o w p e a b r eede r s w i l l a p p l y marke r -a s s i s t ed s e l ec t i on t o d e v e l o p 
n e w p o p u l a t i o n s w i t h t h e d e s i r e d s tove r a n d f o d d e r cha rac te r i s t i c s . 
13. The L O D score refers 
Significant L O D scores 
to the log l ikelihood 
generally are above 3. 
ratio of a particular association due to chance alone. 
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Learning the language of resistance and putting it to use. T h e c a n d i d a t e gene 
a p p r o a c h was d e v e l o p e d c o n s i d e r i n g t h e gene- for -gene h y p o t h e s i s f o r disease 
res is tance . I n t h i s h y p o t h e s i s t h e defense response o f t h e h o s t - p l a n t occu r s i f 
t h i s p l a n t has a res is tance gene a n d t h e p a t h o g e n possesses an a v i r u l e n c e gene. 
T h e s i m i l a r i t y o f res is tance gene sequences a m o n g species (e .g . i n t h e 
n u c l e o t i d e b i n d i n g d o m a i n ) also a l l o w s t h e i d e n t i f i c a t i o n o f res is tance gene 
cand ida t e s t h a t m a y e v e n t u a l l y b e t r ans fe rab le a m o n g c rops . T h e p o l y m e r a s e 
c h a i n r e a c t i o n has p r o v e n t o b e a n i m p o r t a n t t o o l i n t h e i d e n t i f i c a t i o n a n d 
i s o l a t i o n o f these res is tance gene cand ida t e s . 
The promise of gene synteny together with 
bioinformatics14 
Pos i t ions o f u s e f u l genes i n t a r g e t c rops can b e i n f e r r e d b y c ros s - r e fe renc ing t o 
t h e m a p s o f o t h e r m o s t p o p u l a r c rops t h a t a l l o w s t h e e v e n t u a l i n t e r g e n e r i c 
t r a n s f e r o f genes. R e c e n t advances i n s e q u e n c i n g o f p l a n t genomes (e .g . 
A r a b i d o p s i s o r r i c e ) c o u p l e d w i t h d e v e l o p m e n t s i n f u n c t i o n a l g e n o m i c s a n d 
i n f o r m a t i o n t e c h n o l o g y ( w h i c h l e d t o t h e n e w f i e l d o f b i o - i n f o r m a t i c s ) 
d e m o n s t r a t e t h a t i n d e e d " b i o t e c h n o l o g y based o n m o l e c u l a r b i o l o g y i s 
g e n e r a t i n g r e v o l u t i o n a r y advances i n gene t i c k n o w l e d g e a n d t h e c a p a c i t y t o 
change t h e gene t i c m a k e u p o f c r o p s a n d l i v e s t o c k . " Today, w e have t h e u n i q u e 
o p p o r t u n i t y t o share a n d l i n k i n f o r m a t i o n f r o m o t h e r resources a r o u n d t h e 
w o r l d o n t h e W o r l d W i d e W e b . Tools a n d resources are b e i n g d e v e l o p e d t o 
i n t e r p r e t t h e sequence i n t e r m s genes a n d t h e i r f u n c t i o n s ( M a h a l a k s h m i e t a l . , 
s u b m i t t e d ) . T h e I n s t i t u t e f o r G e n o m i c Research ( T I G R ) ( h t t p : / / 
w w w . t i g r . o r g ) has a s s e m b l e d t h e gene a n n o t a t i o n o r i n d i c e s f o r va r ious c rops . 
G e n e s y n t e n y resea rch i n l e g u m e species o f t h e genus V i g n a p r o v i d e s a 
m e a n s t o d e t e c t o r t h o l o g o u s genes b y u s i n g c o m m o n sets o f c h r o m o s o m e s t o 
p r o b e t h e i r g e n o m e s ( F a t o k u n e t a l . 1 9 9 2 ) . C o w p e a a n d m u n g b e a n have Q T L 
f o r seed w e i g h t i n t h e same c o n s e r v e d r e g i o n , w h i c h are a r r anged i n i d e n t i c a l 
o r d e r ( M e n a n c i o - H a u t e a e t a l . 1 9 9 2 ) . T h i s r e s u l t w a s n o t s u r p r i s i n g because i t 
r e f l ec t s t h e s e l e c t i o n o f c h r o m o s o m e reg ions c o n t r o l l i n g t h e m o s t i m p o r t a n t 
c h a r a c t e r s e l e c t e d b y f a r m e r s i n these c r o p species: seed size. I n ce rea l c r o p s 
s u c h a s m a i z e a n d s o r g h u m s i m i l a r f i n d i n g s f o r p l a n t h e i g h t w e r e r e p o r t e d ( L i n 
e t a l . 1 9 9 5 ; Pere i ra a n d L e e 1 9 9 5 ) , w h i c h reveals t h e same d o m e s t i c a t i o n 
e v o l u t i o n p a t t e r n a m o n g c r o p species (Pa te r son e t a l . 1 9 9 5 ) . H e n c e , w e 
2 0 8 
14. Interactions with V Mahalakshmi (ICRISAT, India) help to write this section. 
envisage t h e successful i n t e g r a t i o n o f da ta m i n i n g , gene d i scovery , m a r k e r 
d e v e l o p m e n t a n d t a c t f u l gene d e p l o y m e n t t o b e c o m e r o u t i n e p r a c t i c e i n c r o p 
i m p r o v e m e n t p r o g r a m s i n t h e n e x t decades. 
Researchers e x p e c t i n t h e m i d - t e r m t o i d e n t i f y a n d cha rac te r i ze u s e f u l 
g e n o m i c regions c o n f e r r i n g a spec i f ic t r a i t i n c rops . T h e c o m m o n regions 
r e l e v a n t t o t h i s t r a i t w i l l b e f u r t h e r s a t u r a t e d a n d a n n o t a t e d . A d d i t i o n a l l y 
a p p r o p r i a t e t e s t m a t e r i a l s w i l l b e chosen t o assess t h e re levance o f these 
g e n o m i c regions i n each o f t h e t a r g e t e d c rops i n r e l evan t e n v i r o n m e n t s . I n t h e 
l o n g - t e r m t h i s a p p r o a c h s h o u l d l e ad t o t h e i s o l a t i o n a n d c h a r a c t e r i z a t i o n o f 
c a n d i d a t e genes f o r t r a i t s o f i n t e r e s t i f t h e o r d e r i n g o f D N A l o c i b e t w e e n 
c h r o m o s o m e s o f t w o ( o r m o r e ) c rops w i t h i n t h e same f a m i l y co r r e sponds 
w e l l . T h i s gene o r d e r c o n s e r v a t i o n b e t w e e n genomes p e r m i t s t h a t genes i n a n 
X c r o p are i s o l a t e d by m a p - b a s e d c l o n i n g a t t h e h o m o l o g u e in t h e Y c r o p , a n d 
t h e n b y h o m o l o g y i n t h e X c r o p . Perhaps, one day t h e genes p r o v i d i n g e x t r e m e 
d r o u g h t t o l e r a n c e o f p e a r l m i l l e t can b e i n t rog re s sed i n t o o t h e r cereals, t o 
ach ieve m o r e w a t e r - e f f i c i e n t c rops . 
Cerea l s . Researchers w o r l d w i d e have d e v e l o p e d D N A m a r k e r - b a s e d s o r g h u m 
maps . I n f o r m a t i o n g a t h e r e d b y these research t e a m s o n s o r g h u m m a p s has 
b e e n i n c l u d e d o n t h e I n t e r n e t ( M a h a l a k s h m i a n d O r t i z 2 0 0 1 ) . I n f o r m a t i o n o n 
a l l l i nkage g roups f r o m a spec i f ic source o r on a p a r t i c u l a r l i nkage g r o u p i s 
d i s p l a y e d w i t h de ta i l s a t h t t p : / / w w w . i c r i s a t . o r g / t e x t / r e s e a r c h / g r e p / 
h o m e p a g e / r f l p / s o r g h u m _ m a p s . h t m . C o m p a r a t i v e g e n o m e m a p p i n g o f r e l a t e d 
p l a n t species has s h o w n t h a t t h e o r g a n i z a t i o n o f genes i s h i g h l y c o n s e r v e d 
d u r i n g t h e e v o l u t i o n o f m e m b e r s o f t a x o n o m i c f a m i l i e s . T h i s has l e ad t o t h e 
i d e n t i f i c a t i o n o f g e n o m e c o - l i n e a r i t y b e t w e e n t h e w e l l - s e q u e n c e d m o d e l 
c rops a n d t h e i r r e l a t e d species (e .g . A r a b i d o p s i s f o r d i c o t s a n d r i c e f o r 
m o n o c o t s ) . C o - l i n e a r i t y o v e r r i d e s t h e d i f f e r ences i n c h r o m o s o m e n u m b e r a n d 
g e n o m e size. T h e r i c e g e n o m e p r o j e c t has c o n s t r u c t e d a R F L P l inkage m a p 
w i t h 2 2 7 5 D N A m a r k e r s ( H a r u s h i m a e t a l . 1 9 9 8 ) . B y s t u d y i n g t h e s y n t e n y 
b e t w e e n t h e r i c e a n d s o r g h u m genomes a consensus l i nkage m a p cons i s t i ng o f 
6 0 7 D N A m a r k e r s c o v e r i n g 1 2 8 5 c M was d e v e l o p e d . A h i g h degree o f co -
l i n e a r i t y ex i s t s b e t w e e n t h e 1 0 s o r g h u m l i nkage g r o u p s a n d t h e 1 2 r i c e l i nkage 
g r o u p s ( N a g a m u r a e t a l . 1 9 9 8 ) . A n i n t e r a c t i v e r e p r e s e n t a t i o n o f avai lable da ta 
f r o m t h i s r i c e - s o r g h u m g e n o m e s y n t e n y p r o j e c t ( h t t p : / / w w w . i c r i s a t . o r g / t e x t / 
r e s e a r c h / g r e p / h o m e p a g e / s y n t e n y / i n t r o . h t m ) was d e v e l o p e d ( M a h a l a k s h m i 
a n d O r t i z 2 0 0 1 ) . L i k e w i s e , a l l sequences i n G e n B a n k w e r e sc reened f o r t h e 
p resence o f SSR. T h e s e sequences have b e e n c o l l a t e d i n a database w i t h d i r e c t 
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l i nkage t o p r i m e r des ign s o f t w a r e . T h e r e w e r e 1 1 0 , 0 0 0 avai lable sequences f o r 
s o r g h u m , a n d 9 2 3 2 SSR w e r e d e t e c t e d (as o f J u n e 2 0 0 2 ) . I n f o r m a t i o n o n 
p u b l i c l y avai lable m i c r o - s a t e l l i t e m a r k e r s was i n c l u d e d i n a separate database 
t o b e u s e d f o r r e m o v i n g o v e r l a p w i t h G e n B a n k sequences b e f o r e s e l e c t i o n o f 
sequences f o r des ign p r i m e r s . 
Legumes . T h e m o l e c u l a r m a p s f o r l e g u m e c r o p s o f t h e A f r i c a n s e m i - a r i d 
t r o p i c s ( c o w p e a , g r o u n d n u t a n d p i g e o n pea) are n o t v e r y dense c o m p a r e d 
w i t h t h e o t h e r r e l a t e d l e g u m e c rops such a s soybean . H o w e v e r , da ta f r o m 
r e l a t e d species c o u l d b e m i n e d t o d e v e l o p m a p s a n d m a r k e r s . H e n c e , 
n u c l e o t i d e sequences o f t h e l e g u m e m o d e l species M e d i c a g o t r u n c a t u l a , 
ava i lable a t t h e N a t i o n a l C e n t e r f o r B i o t e c h n o l o g y I n f o r m a t i o n ( h t t p : / / 
w w w . n c b i . n l m . n i h . g o v ) w e r e d o w n l o a d e d i n F A S T A f o r m a t a n d t h e r epea t 
p a t t e r n s i n t h e sequence w e r e l o c a t e d u s i n g t h e t a n d e m repea t f i n d e r p r o g r a m 
a t h t t p : / / c 3 . b i o m a t h . m s s m . e d u / t r f . h t m l . T h e sequences w i t h p o t e n t i a l r epea t 
m o t i f s w e r e t h e n a n a l y z e d t o d e t e r m i n e poss ib le p o t e n t i a l f l a n k i n g reg ions 
a r o u n d t h e r epea t m o t i f s , w h i c h m i g h t y i e l d p r o d u c t sizes o f a b o u t 2 0 0 b p 
u s i n g P R I M E R 3 p r o g r a m ( h t t p : / / w w w - g e n o m e . w i . m i t . e d u / c g i - b i n / p r i m e r / 
p r i m e r 3 _ w w w . c g i ) . T h e gene i nd i ce s database f r o m T I G R ( h t t p : / / 
www.t igr .org/ tdb/ tg i /mtgi / ) was also d o w n l o a d e d , a n d a l o c a l database 
c o n t a i n i n g t h e e n t i r e sequences i n F A S T A f o r m a t , t h e r epea t m o t i f a n d t h e 
p o t e n t i a l p r i m e r a n d t h e gene i nd i ce s was c r e a t e d i n a r e l a t i o n a l database 
( S Q L 7 . 0 ™ ) . T h e r e s u l t a n t database o f t h e r epea t m o t i f s was ana lyzed t o 
classify t h e p a t t e r n s , t h e i r o c c u r r e n c e a n d a b u n d a n c e ( M a h a l a k s h m i e t a l . 
s u b m i t t e d ) . O f t h e t o t a l o f a b o u t 1 5 6 , 0 0 0 sequences w h i c h w e r e searched, 
7 3 2 5 sequences w e r e f o u n d t o c o n t a i n r epea t m o t i f a n d m a y y i e l d SSRs w h i c h 
w i l l y i e l d p r o d u c t sizes o f a r o u n d 2 0 0 b p . O f these t h e m o s t a b u n d a n t l y f o u n d 
repea ts w e r e t h e t r i - n u c l e o t i d e ( 5 2 1 0 ) g r o u p . E x c e p t f o r a v e r y s m a l l 
p r o p o r t i o n ( 4 3 6 ) , these l i n k t o t h e gene a n n o t a t i o n database a t T I G R . T o 
f a c i l i t a t e f u r t h e r e x p l o r a t i o n o f t h i s r e source , a d y n a m i c database w i t h o p t i o n s 
t o search a n d l i n k t o o t h e r resources are b e c o m i n g ava i lab le . S u c h a n a p p r o a c h 
m a y l e a d t o d e v e l o p m e n t o f m i c r o - s a t e l l i t e m a r k e r s f o r t h e same species o r 
c lose ly assoc ia ted species w i t h i n t h e same genus . 
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Crop genetic enhancement using biotechnology --
cowpea as an example 
C o w p e a i s t h e m o s t i m p o r t a n t f o o d l e g u m e i n t h e d r y savannas o f t r o p i c a l 
A f r i c a c o v e r i n g g l o b a l l y o v e r 12 .5 m i l l i o n hec ta re s w i t h a n n u a l p r o d u c t i o n 
e x c e e d i n g 3 m i l l i o n m e t r i c t o n s . A b o u t 6 4 % o f t h e area u n d e r c o w p e a i s i n 
W e s t a n d C e n t r a l A f r i c a w h e r e i t i s n o r m a l l y g r o w n i n a m i x t u r e w i t h m i l l e t 
a n d s o r g h u m i n t h e S u d a n savanna a n d Sahe l i an r eg ions . Pear l m i l l e t o r 
s o r g h u m p r o v i d e s t ap le f o o d , f o d d e r , f u e l a n d t h a t c h i n g m a t e r i a l s a n d 
c o w p e a p r o v i d e s cash i n c o m e a n d p r o t e i n s u p p l e m e n t i n t h e d a i l y d i e t s o f 
p e o p l e . T h e p r o t e i n r i c h gra ins , w h i c h are c o m m o n l y e a t e n i n d i f f e r e n t 
f o r m s , c o n s t i t u t e t h e m a i n p r o d u c t o f t h e c r o p . C o w p e a leaves, g r een p o d s , 
g r e e n peas a n d d r y gra ins are c o n s u m e d a s f o o d a n d b o t h t h e g r e e n a n d d r y 
h a u l m s are f e d t o l i v e s t o c k p a r t i c u l a r l y i n t h e d r y season w h e n a n i m a l f e e d i s 
scarce . I n a d d i t i o n , because o f i t s t o l e r a n c e o f d r o u g h t a n d so i l a c i d i t y a n d i t s 
a b i l i t y t o f i x a t m o s p h e r i c n i t r o g e n c o u p l e d w i t h i t s fast g r o w t h h a b i t i n 
w a r m c l i m a t e s , c o w p e a g r o w s e x t r e m e l y w e l l a n d c o n t r i b u t e s t o i m p r o v i n g 
t h e so i l i n t h e d e s e r t m a r g i n areas o f t h e t r o p i c s c h a r a c t e r i z e d b y l o w 
r a i n f a l l , h i g h t e m p e r a t u r e , sandy soi ls a n d l o w f e r t i l i t y . T h u s , c o w p e a f o r m s 
a n essen t ia l a n d i n t e g r a l c o m p o n e n t o f sus t a inab le a n d i n t e g r a t e d c r o p -
l i v e s t o c k f a r m i n g sy s t ems i n t h e s e m i - a r i d a n d a r i d r eg ions o f sub -Saha ran 
A f r i c a . H o w e v e r , t h e o v e r a l l p r o d u c t i v i t y o f t h e e x i s t i n g t r a d i t i o n a l c o w p e a -
cereals i n t e r c r o p p i n g sy s t ems i s v e r y l o w . T o m e e t t h e e x t r a d e m a n d f o r f o o d 
f o r t h e i n c r e a s i n g p o p u l a t i o n , t h e r e i s a n e e d t o increase p r o d u c t i v i t y b y 
i n c r e a s i n g y i e l d s p e r u n i t area t h r o u g h i m p r o v e d c u l t i v a r s a n d i n t e n s i v e , 
m o r e p r o d u c t i v e c r o p p i n g sys t ems . T h e share o f c o w p e a p r o d u c t i o n a m o n g 
v a r i o u s g r a i n l e g u m e s i n N i g e r i a has i n c r e a s e d s ince t h e l a t e 1980s , m a k i n g 
N i g e r i a t h e la rges t c o w p e a - p r o d u c i n g c o u n t r y i n t h e w o r l d ( O r t i z 1 9 9 8 b ) . 
M o s t o f t h e c o w p e a p r o d u c e d i s u s e d f o r d i r e c t c o n s u m p t i o n i n b o t h u r b a n 
a n d r u r a l areas. 
T h e I n t e r n a t i o n a l I n s t i t u t e o f T r o p i c a l A g r i c u l t u r e ( I I T A ) has t h e g l o b a l 
m a n d a t e f o r i m p r o v i n g c o w p e a c u l t i v a r s w i t h i n t h e C G I A R . I I T A deve lops 
a n d d i s t r i b u t e s a range o f i m p r o v e d c o w p e a b r e e d i n g l ines , c o m b i n i n g 
m u l t i p l e disease a n d insec t res is tance w i t h ea r ly m a t u r i t y a n d p r e f e r r e d seed 
t y p e s t o 6 5 c o u n t r i e s . F r o m 1 9 7 0 t o 1 9 8 8 , t h e research c o n c e n t r a t e d o n 
d e v e l o p i n g c o w p e a c u l t i v a r s f o r sole c r o p on ly . H o w e v e r , f r o m 1 9 8 9 , c o w p e a 
b r e e d i n g was d i v e r s i f i e d t o i n c l u d e s y s t e m a t i c i m p r o v e m e n t o f l o c a l l andraces 
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a s w e l l a s d e v e l o p m e n t o f a range o f n e w i m p r o v e d c o w p e a c u l t i v a r s , w h i c h 
w o u l d p r o d u c e h i g h e r g r a i n a s w e l l a s f o d d e r y i e l d s u n d e r sole c r o p p i n g a s w e l l 
a s i n t h e t r a d i t i o n a l i n t e r c r o p p i n g sys tems . T h e m a j o r focus o f c o w p e a 
resea rch a t I I T A has b e e n t o s t u d y t r a d i t i o n a l c r o p p i n g sys tems, i d e n t i f y 
c o w p e a p r o d u c t i o n c o n s t r a i n t s a n d , i n c o l l a b o r a t i o n w i t h n a t i o n a l p r o g r a m s 
a n d o t h e r i n t e r n a t i o n a l cen te r s , d e v e l o p i m p r o v e d c o w p e a c u l t i v a r s 
c o m b i n i n g disease a n d insec t res is tance w i t h b e t t e r a d a p t a t i o n a n d h i g h y i e l d 
p o t e n t i a l u n d e r i n t e r c r o p p i n g sys tems o f t h e savanna ecologies , w h e r e soils are 
p o o r a n d m o i s t u r e i s l i m i t e d . S ince t h e m i d - 1 9 9 0 s , I I T A has f u r t h e r 
b r o a d e n e d t h e o b j e c t i v e s b y i n c l u d i n g i m p r o v e m e n t o f c o w p e a - c e r e a l sys tems 
o n a h o l i s t i c basis, i n v o l v i n g c r o p - l i v e s t o c k i n t e g r a t i o n r a t h e r t h a n c u l t i v a r 
i m p r o v e m e n t a lone . I t i s env isaged t h a t t h r o u g h t h e d i s s e m i n a t i o n o f 
i m p r o v e d c u l t i v a r s , i m p r o v e d c r o p p i n g sys tems, i n t e g r a t e d pes t m a n a g e m e n t 
a n d i n t e g r a t e d c r o p - l i v e s t o c k sys tems , f a r m e r s i n t h e m a r g i n a l lands o f t h e 
d r y savannas a n d t h e Sahel w i l l i m p r o v e t h e i r f o o d secur i ty , l i v e s t o c k f e e d 
secur i ty , i n c o m e g e n e r a t i o n o p p o r t u n i t i e s , a n d t h e s u s t a i n a b i l i t y o f e n h a n c e d 
f o o d p r o d u c t i o n a n d t h e i r c r o p p i n g sys tems , w i t h o u t r e q u i r i n g subs t an t i a l 
i n p u t s , pe s t i c ide s a n d i no rgan i c f e r t i l i z e r s . 
G r a i n y i e l d o f c o w p e a i n t h e A f r i c a n f a r m e r s ' f i e ld s i s m u c h l o w e r t h a n 
p o t e n t i a l l y c o u l d b e o b t a i n e d a n d t h i s l o w y i e l d i s a t t r i b u t a b l e t o a n u m b e r o f 
b i o t i c a n d a b i o t i c f ac to r s ( O r t i z 1 9 9 8 b ) . T h e adverse e f fec t s o f s o m e o f these 
y i e l d - l i m i t i n g f ac to r s c o u l d b e a m e l i o r a t e d t h r o u g h c u l t u r a l p r ac t i ce s w h i l e 
o t h e r s r e q u i r e gene t i c m a n i p u l a t i o n t h r o u g h b r e e d i n g . For e x a m p l e , t h e p o s t 
f l o w e r i n g insec t pests o f c o w p e a are p a r t i c u l a r l y d e v a s t a t i n g i n t h e i r e f fec t s o n 
g r a i n y i e l d . T h e m a j o r insec ts are t h e l e g u m e p o d b o r e r (Maruca vitrata) a n d 
a c o m p l e x of p o d s u c k i n g bugs (Clavigralla tomentosicollis, Anoplocnemis 
curvipes, Riptortus dentipes). A l t h o u g h e f f o r t s are b e i n g u n d e r t a k e n to 
i n t r o d u c e I P M f o r c o w p e a , m o s t f a r m e r s are s t i l l s p r a y i n g in sec t i c ides , v e r y 
o f t e n u n s u i t a b l e ones (e .g . c o t t o n pes t i c ides ) because t h e r e c o m m e n d e d ones 
f o r c o w p e a are e i t h e r unava i l ab l e o r u n a f f o r d a b l e . N e e m e x t r a c t s are b e i n g 
t e s t e d b y I I T A t o c o n t r o l c o w p e a pests i n W e s t A f r i c a . P r e l i m i n a r y resu l t s 
i n d i c a t e a range o f 5 0 % t o 7 0 % p e r f o r m a n c e a s c o m p a r e d t o a s y n t h e t i c 
p e s t i c i d e , b u t a t less cos t f o r f a r m e r s , t h e i r h e a l t h a n d t h e e n v i r o n m e n t ( M 
T a m o , I I T A , pe r sona l c o m m u n i c a t i o n ) . 
M o s t o f t h e e f f o r t s d e v o t e d t o d e v e l o p c o w p e a c u l t i v a r s w i t h res is tance 
t o these pests u s i n g c o n v e n t i o n a l b r e e d i n g m e t h o d s have b e e n so far 
unsuccess fu l . S o m e w i l d Vigna species have b e e n i d e n t i f i e d as possessing g o o d 
2 1 2 
levels o f res is tance t o s o m e o f these pests b u t d u e t o s t r o n g cross 
i n c o m p a t i b i l i t y b e t w e e n c o w p e a a n d these o t h e r V i g n a species i t has n o t b e e n 
poss ib le t o t r ans fe r t h e des i rab le genes t o c o w p e a . T h e l ack o f progress i n t h e 
use o f c o n v e n t i o n a l m e t h o d s t o e f f e c t i v e l y c o n t a i n t h e pes t p r o b l e m o f 
c o w p e a m a k e s t h e a p p l i c a t i o n o f b i o t e c h n o l o g i c a l p r o c e d u r e s f o r o v e r c o m i n g 
t h e c o n s t r a i n t s t o c o w p e a p r o d u c t i o n a t t r a c t i v e . T h i s i s p a r t i c u l a r l y t h e case 
f o r t h e l e g u m e p o d b o r e r ( M . v i t r a t a ) , a l e p i d o p t e r a n w h o s e larvae a t t a c k a n d 
d e s t r o y c o w p e a f l o w e r s , seeds a n d pods . I f t ransgenic c o w p e a can b e o b t a i n e d 
w h i c h expresses t h e B t gene i n t h e f l o w e r s a n d pods t h e p r o d u c t i v i t y o f 
c o w p e a w o u l d b e i m p r o v e d i m m e n s e l y . T h e B t p r o t o x i n i s k n o w n t o have 
adverse e f fec t s o n l e p i d o p t e r a n larvae. 
I I T A w o r k s i n p a r t n e r s h i p w i t h t h e U n i v e r s i t y o f C a l i f o r n i a a t D a v i s , 
P u r d u e U n i v e r s i t y , U n i v e r s i t y o f V i r g i n i a , B e a n / C o w p e a CRSP, U n i v e r s i t y o f 
Z i m b a b w e a n d C S I R O ( A u s t r a l i a ) t o o b t a i n t ransgen ic c o w p e a l ines . T h e 
u l t i m a t e goal o f t h i s p a r t n e r s h i p i n r e s e a r c h - f o r - d e v e l o p m e n t i s t o m a k e 
avai lable t o f a rmer s , p a r t i c u l a r l y i n sub-Saharan A f r i c a , n e w c o w p e a c u l t i v a r s 
t h a t are res i s tan t t o several o f t h e pos t f l o w e r i n g insec t pests t h a t p r e s e n t l y 
cause e x t e n s i v e g r a i n y i e l d losses. S u c h i m p r o v e d var ie t i e s s h o u l d a l l o w a 
r e d u c t i o n i n t h e cos t o f c o w p e a p r o d u c t i o n . Fa rmers w i l l b e m o r e a t t r a c t e d t o 
c o w p e a p r o d u c t i o n . I n a d d i t i o n , t h e r e d u c e d use o f in sec t i c ides w i l l have 
s ign i f i can t h e a l t h a n d e n v i r o n m e n t a l bene f i t s . 
These c o l l a b o r a t i v e research e f f o r t s are b e c o m i n g v e r y p r o d u c t i v e 
because sc ient i s t s r e p r e s e n t i n g va r ious i n s t i t u t i o n s i n v o l v e d i d e n t i f y a n d ca r ry 
o u t a c t i v i t i e s i n those areas w h e r e t h e y have a c o m p a r a t i v e advantage. T h e 
e x p e c t e d o u t p u t s f r o m t h i s c o l l a b o r a t i v e w o r k are a s f o l l o w s : 
• P r o t o c o l f o r r o u t i n e t r a n s f o r m a t i o n o f c o w p e a l ines d e v e l o p e d ; 
• C o w p e a w i t h a n a p p r o p r i a t e B t gene t r a n s f o r m e d ; 
• C a n d i d a t e genes w i t h i n s e c t i c i d a l p r o p e r t i e s i d e n t i f i e d ; 
• B t gene c o n s t r u c t s f o r e x p r e s s i o n i n c o w p e a f l o w e r s a n d p o d w a l l s a s w e l l 
a s o f o t h e r gene c o n s t r u c t s w i t h m u l t i p l e insec t resis tance d e v e l o p e d ; 
• Transgenic c o w p e a avai lable f o r t e s t i n g f o r r e a c t i o n t o M a r u c a a t t ack ; 
• Transgenic c o w p e a l ines t e s t e d f o r a l l e r g e n i c i t y a n d f o o d q u a l i t y ; 
• E f f ec t s o f B t gene o n b i o d i v e r s i t y (e .g. gene f l o w ) q u a n t i f i e d ; 
• Best w a y s f o r m a n a g i n g B t res is tance i n c o w p e a in f a r m e r s ' f i e lds 
e s t ab l i shed ; 
• B A C l i b r a r y avai lable ; 
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15.Drs J Machuka, P Keese and I Ingelbrecht (IITA, Ibadan) provided information for this section. 
• D N A m a r k e r s associa ted w i t h des i rab le t r a i t s i n c o w p e a i d e n t i f i e d ; 
• D N A m a r k e r s c o n v e r t e d t o sequence c h a r a c t e r i z e d a m p l i f i e d reg ions 
( S C A R s ) f o r use i n marke r - a s s i s t ed s e l ec t i on ; a n d 
• E f f e c t i v e f r e e d o m - t o - o p e r a t e p r o c e d u r e s e n s u r e d , a n d any p o t e n t i a l 
i n t e l l e c t u a l p r o p e r t y o r m a t e r i a l t r ans f e r a g r e e m e n t issues so lved . 
Transgenic cowpea.15 O v e r t h e last t w o decades, sporad ic e f f o r t s have b e e n 
m a d e t o d e v e l o p r e g e n e r a t i o n a n d t r a n s f o r m a t i o n sys tems i n c o w p e a u s i n g 
t i ssue c u l t u r e d e p e n d e n t a n d d e novo approaches . A m o n g t h e t a r g e t t issues 
i n v e s t i g a t e d t o da te , c o t y l e d o n s a n d t h e i r nodes appear t o b e t h e m o s t 
p r o m i s i n g t issues f o r A g r o b a c t e r i u m t u m e f a c i e n s - m e d i a t e d t r a n s f o r m a t i o n . A 
p r o t o c o l u s i n g i m m a t u r e c o t y l e d o n - d e r i v e d ca l lus was suggested r e c e n t l y f o r 
t r a n s f o r m a t i o n w i t h l o w chance o f c h i m e r a s ( A n a n d e t a l . 2 0 0 1 ) . I n i t i a l 
s t ud ie s suggest t h a t h y g r o m y c i n a n d poss ib ly g e n e t i c i n m a y b e t h e p r e f e r r e d 
agents f o r s e l e c t i o n o f t r a n s f o r m e d t issues. 
T h e r ecen t d e v e l o p m e n t o f a s i m p l e a n d r o u t i n e d e novo d i p p i n g 
t r a n s f o r m a t i o n p r o c e d u r e i n A r a b i d o p s i s has spa rked n e w o p t i m i s m t o d e v e l o p 
s i m i l a r t e c h n i q u e s f o r o t h e r c rops . Since e l e c t r o p o r a t i o n o f c o w p e a n o d a l t issue 
has a l ready been r e p o r t e d , w o r k was i n i t i a t e d a t I I T A B i o t e c h n o l o g y L a b o r a t o r y 
t o m a x i m i z e t h e n u m b e r o f b u d s p r o d u c e d a t eve ry n o d e o r a t t h e shot apex b y 
sp ray ing p o t t e d c o w p e a p lan t s w i t h var ious c o n c e n t r a t i o n s o f b e n z y l 
a m i n o p u r i n e (BAP, a t 0 - 1 0 mg/1 ) . T h i s p r o c e d u r e has p o t e n t i a l f o r c o u p l i n g t o i n 
p l a n t a t r a n s f o r m a t i o n t echn iques , n o t a b l y e l e c t r o p o r a t i o n a n d d i p p i n g o r 
h o r m o n e - i n d u c e d organs i n A g r o b a c t e r i u m suspensions. 
Se lec t ion o f t r a n s f o r m e d tissue i s l i k e l y to be t h e key obstacle fo r re l iable 
a d o p t i o n a n d e x p l o i t a t i o n of a de novo c o w p e a regenerat ion-based t r a n s f o r m a t i o n 
sys tem. Progress has been m a d e i n t h e o p t i m i z a t i o n o f parameters f o r c o w p e a 
t r a n s f o r m a t i o n t h r o u g h (a) t rans ient G U S gene express ion f o l l o w i n g 
A g r o b a c t e r i u m - m e d i a t e d t r a n s f o r m a t i o n , (b) es tab l i shment o f an t i b io t i c 
th resho lds (gene t ic in a t 10 mg /1 and h y g r o m y c i n a t 20 mg/1) fo r se lect ion o f 
t r a n s f o r m e d c o w p e a tissues, and (c) d e v e l o p m e n t o f shoot e longa t ion (2 mg/1 
G A 3 ) a n d r o o t i n g (0 .05 m g / 1 N A A ) m e d i a . B y hav ing w e l l r o o t e d c o w p e a 
p lan t le t s i n t issue c u l t u r e , i t i s n o w possible t o avo id loss o f these p lan t le t s w h e n 
t h e y are t r ans fe r red t o soil f o r ha rden ing . In i t i a l ly , about 5 0 % o f p lan t le t s d i e d 
d u r i n g th i s transfer, c o m p a r e d w i t h abou t 1 0 0 % survival o f w e l l - r o o t e d p lan t le t s . 
DNA marker-aided breeding.16 A l i nkage m a p of c o w p e a is b e i n g d e v e l o p e d 
u s i n g a set o f r e c o m b i n a n t i n b r e d s t h a t w e r e d e r i v e d f r o m a cross b e t w e e n a n 
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16. Most information provided by Dr C Fatokun (IITA, Nigeria) for this section. 
i m p r o v e d c o w p e a c u l t i v a r a n d one o f i t s cross c o m p a t i b l e w i l d re la t ives . T h e 
m a p p r e s e n t l y has 171 R A P D ; SSR a n d A F L P m a r k e r s i n 1 2 l inkage g roups 
( 2 2 6 9 c M ) . T h i s i m p l i e s t h a t o n average m a p d i s t ance b e t w e e n t w o adjacent 
l o c i i s a b o u t 1 3 c M . T h e m a r k e r s o n t h e m a p are m a d e u p o f R A P D , A F L P , 
SSRs ( m i c r o s a t e l l i t e s ) , a n d s o m e m o r p h o l o g i c a l a t t r i b u t e s f o r w h i c h t h e 
p o p u l a t i o n i s segregat ing. A d d i t i o n a l m a r k e r s , espec ia l ly A F L P a n d 
m i c r o s a t e l l i t e s are b e i n g g e n e r a t e d f o r p l a c e m e n t o n t h e l i nkage m a p . T h e 
SSRs p r e s e n t l y o n t h e m a p w e r e d e r i v e d f r o m c o w p e a g e n o m i c D N A . S o m e 
c D N A d e r i v e d m i c r o s a t e l l i t e s f r o m c o m m o n bean (Phaseolus v u l g a r i s ) have 
b e e n t e s t e d o n c o w p e a a n d m o s t o f these w e r e f o u n d t o a m p l i f y c o w p e a D N A 
a n d d e t e c t e d p o l y m o r p h i s m a m o n g t h e pa ren t s u sed t o genera te t h e m a p p i n g 
p o p u l a t i o n . T h e a b i l i t y o f c o m m o n bean m i c r o s a t e l l i t e s t o a m p l i f y w i t h 
c o w p e a D N A w i l l enable c o m p a r a t i v e g e n o m e analysis b e t w e e n b o t h c rops 
b e l o n g i n g t o t h e s u b t r i b e Phaseol inaea . 
T h i s gene t i c l i nkage m a p w i l l b e c o m e v e r y u s e f u l f o r t h e d e t e c t i o n o f 
D N A m a r k e r s t h a t are c lose ly associa ted w i t h t r a i t s o f a g r o n o m i c i m p o r t a n c e 
- f o r e x a m p l e , t o d e t e c t q u a n t i t a t i v e t r a i t l o c i ( Q T L ) f o r 1 0 0 s e e d - w e i g h t ( i n 
c h r o m o s o m e s I a n d I I ) ; res is tance t o a v i r u s ( C M e V ) i n c h r o m o s o m e I I I o f V 
v e x i l l a t a . S u c h D N A m a r k e r s c o u l d f a c i l i t a t e marker -ass i s t ed s e l ec t i on i n 
b r e e d i n g f o r des i rab le t r a i t s . A l s o I I T A researchers d e t e r m i n e gene t ic d i v e r s i t y 
a n d p h y l o g e n e t i c r e l a t i onsh ip s i n V i g n a w i t h D N A m a r k e r s . 
A n a p p r o p r i a t e p o p u l a t i o n m u s t b e avai lable f r o m w h e r e D N A m a r k e r s 
associa ted w i t h des i rab le t r a i t s can b e i d e n t i f i e d . T o t h i s e n d , a n u m b e r o f 
c o w p e a l ines w e r e se l ec ted a n d crossed w i t h one a n o t h e r o n t h e basis t h a t 
t h e y c o n t r a s t i n s o m e t r a i t s o f i n t e r e s t . T h e p r o g e n y d e r i v e d f r o m these 
crosses have b e e n a d v a n c e d to F 8 g e n e r a t i o n a n d are n o w avai lable f o r use a s 
r e c o m b i n a n t i n b r e d l ines . 
T h e cowpea m a p p i n g p o p u l a t i o n has as parents t w o lines t ha t contras t f o r 
b r u c h i d (Cal losobruchus macula tus ) resistance. T h e cowpea w i l d relat ive, 
T V N u 1 1 0 - 3 A i s susceptible t o th i s insect w h i l e t h e i m p r o v e d cu l t iva r I T 8 4 S -
2 2 4 6 - 4 is resistant. B r u c h i d is t h e ma jo r storage insect pest of cowpea . Resistance 
t o th i s pest i s measured by non-emergence o r delay in emergence o f adul ts f r o m 
eggs l a id on t h e seeds. Seeds o f t h e r e c o m b i n a n t i n b r e d lines w e r e infes ted w i t h 
eggs o f b r u c h i d and t h e n u m b e r o f days t o emergence was measured. T h e values 
o b t a i n e d w e r e c o m p a r e d w i t h D N A data fo r t h e r e c o m b i n a n t i n b r e d lines. A 
mic rosa t e l l i t e m a r k e r V M 5 0 was closely associated w i t h delay i n emergence o f 
adu l t insects. T h i s mic rosa t e l l i t e c o u l d exp l a in u p t o 2 0 % o f t h e va r ia t ion observed 
fo r th i s t r a i t a m o n g 81 R I L s . T h i s mic rosa te l l i t e m a r k e r i s b o u n d on one side by 
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ano the r mic rosa t e l l i t e ( V M 5 6 ) and a n A F L P m a r k e r ( A A C C T C 3 0 6 ) o n t h e 
o ther . T h e t w o f l ank ing marke r s are loca ted abou t 1 0 c M o n e i the r side o f th i s 
locus. T h e mic rosa t e l l i t e m a r k e r V M 5 0 w i l l b e useful i n ge t t i ng t o t h e locus w i t h 
ef fect o n b r u c h i d resistance i n cowpea . T h i s reg ion i s t o b e sa tura ted w i t h 
a d d i t i o n a l marke r s t h a t w i l l b e m o r e closely associated. 
Recently, researchers w e r e able t o i d e n t i f y m a n y o f t h e strain-specif ic 
resistance genes to striga in c o w p e a ( O u e d r a o g o e t al . 2 0 0 1 ) . H o w e v e r , l egume 
breeders s t i l l n e e d t o test w h e t h e r marker-assis ted se lect ion w i l l assist m o r e 
e f f i c i en t ly in p y r a m i d i n g th i s striga resistance i n t o single c o w p e a genotypes . 
G e n e r a l l y speaking u n t i l n o w D N A marke r s are n o t r o u t i n e l y used i n select ing f o r 
h i g h l y q u a n t i t a t i v e t ra i t s i n o t h e r c r o p species. Perhaps some o f t h e shor t comings 
o f m a r k e r - a i d e d in t rogress ion re la te t o t h e genetics o f t h e t r a i t i tself . 
Approach for cowpea lPM. 1 7 T h e use of m o d i f i e d plants (resistant cu l t iva rs ) , 
benef ic ia l organisms (b io logica l c o n t r o l ) and a m o d i f i e d e n v i r o n m e n t ( c u l t u r a l 
pract ices) o r b io - in tens ive I P M , con t inues t o b e t h e t h r u s t o f I ITA ' s w o r k i n t h e 
m a n a g e m e n t o f pests a n d diseases on cowpeas . In an ecosys tem such a s t h a t o f 
cowpea , w h e r e t h e pest s p e c t r u m i s c o m p l e x a n d n o t l i k e l y t o b e k e p t u n d e r 
c o n t r o l ( excep t w i t h t h e use o f s o m e t i m e s unaf fo rdab le pest ic ides) th i s approach 
i s w i t h o u t d o u b t t h e m o s t appropr i a t e . A f t e r a w i d e range o f consul ta t ions w i t h 
s takeholders , i t appeared t h a t a c o n c e r t e d e f f o r t focus ing on a p a r t i c i p a t o r y 
approach to assemble t h e technologies fo r f a r m e r tes t ing , v a l i d a t i o n a n d 
adap ta t ion i n a l o c a t i o n specific m a n n e r w o u l d b e r e q u i r e d t o i m p r o v e t h e 
a d o p t i o n chances f o r c o w p e a I P M technologies . T h r o u g h p a r t i c i p a t o r y processes 
and technologies I I T A p r o m o t e s co l labora t ive cowpea I P M research, and learn ing 
b e t w e e n t h e I n s t i t u t e a n d na t ional par tners , a t t racts n o n - g o v e r n m e n t a l 
organizat ions f o r p a r t i c i p a t o r y research a n d t r a in ing , reor ien t s t r a i n i n g a n d 
ex t ens ion m e t h o d s t o w a r d s t h e f a r m e r f i e l d school m o d e l , and enhances 
t e chno logy d i s semina t ion a n d a d o p t i o n . W h i l e i m p l e m e n t i n g th i s w o r k I I T A a n d 
i ts par tners f o l l o w a m u l t i - d i s c i p l i n a r y approach a n d encourage j o i n t ac t iv i t ies by 
scientists a n d ex t ens ion agents to diagnose c o w p e a pests and diseases, test , 
va l ida te a n d i m p l e m e n t t e chno logy op t ions t o o v e r c o m e these constra ints , a n d 
evaluate t h e t e chno logy i t s e l f and i ts i m p a c t . 
17. Information kindly provided by M Tamo (IITA, Benin Republic). 
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Innovative germplasm development - an important 
component for a global challenge program dealing 
with climate change 
A b i o t i c stresses ( i n c l u d i n g d r o u g h t ) a c c o u n t f o r s ign i f i can t y i e l d r e d u c t i o n ( u p 
t o 7 1 % ) i n c rops . I n d e v e l o p e d w o r l d a g r i c u l t u r e (e.g. U S A , w h e r e da t a are 
avai lab le) insurance i n d e m n i t i e s are p a i d m o r e f o r c r o p losses d u e t o d r o u g h t 
t h a n f o r any o t h e r k i n d o f loss. E x a m p l e s f r o m t h e d e v e l o p i n g w o r l d speak b y 
t h e m s e l v e s , For e x a m p l e , d r o u g h t stress c o i n c i d i n g w i t h f l o w e r i n g a n d g r a i n 
f i l l i n g reduces m a i z e y i e ld s b y 5 0 % a n d 1 2 % respec t ive ly , t h e r e b y b e c o m i n g 
o n e o f t h e m a j o r a b i o t i c c o n s t r a i n t s f o r t h i s c r o p i n t h e G u i n e a savanna b e l t o f 
W e s t a n d C e n t r a l A f r i c a , o r i n t h e d r o u g h t - p r o n e e n v i r o n m e n t s o f eas tern a n d 
s o u t h e r n A f r i c a ( O r t i z e t a l . 2 0 0 2 ) . A n annua l e c o n o m i c loss o f U S $ 5 2 0 
m i l l i o n m a y b e d u e t o d r o u g h t i n g r o u n d n u t , a n d gene t ic e n h a n c e m e n t f o r t h i s 
t r a i t m a y r e d u c e t h i s b y U S $ 2 0 8 m i l l i o n , i .e . 5.2 b e n e f i t : cos t r a t i o . H e n c e , 
f a r m e r s i n d r y l a n d a g r i c u l t u r e i n e n v i r o n m e n t s p r o n e t o l o n g a n d 
u n p r e d i c t a b l e d r y - s p e l l s w i l l b e t h e m a i n benef ic ia r i e s o n t h i s research-for-
d e v e l o p m e n t u n d e r t a k i n g . 
T h e r e are d i s t i n c t o p t i o n s f o r manag ing w a t e r resources a n d i m p r o v i n g 
w a t e r p r o d u c t i v i t y ( W P ) . I r r i g a t i o n (o r m o d i f y i n g t h e e n v i r o n m e n t ) was t h e 
t r a d i t i o n a l app roach f o r dea l ing w i t h w a t e r shortages b u t n o w t h a t w a t e r 
resources are scarce o t h e r so lu t ions are sought . For e x a m p l e , p l a n t breeders are 
w o r k i n g o n t h e d e v e l o p m e n t o f c rops b e t t e r a d a p t e d t o d r o u g h t - p r o n e 
e n v i r o n m e n t s o r f o r p lan ts w i t h h i g h wate r -use eff ic iency. Research suggests 
t h a t r e l a t i ve ly h i g h p r o d u c t i v i t y m a y b e a c c o m p l i s h e d even i n unfavorab le 
e n v i r o n m e n t s i f se lec t ion f o r a d a p t a t i o n t o these e n v i r o n m e n t s occurs i n 
t a r g e t e d crops . F u r t h e r m o r e , r ecen t advances i n c e l l a n d m o l e c u l a r b i o l o g y o f f e r 
a n e w means ( e i t he r t h r o u g h genet ic t r a n s f o r m a t i o n o r a p p l i e d genomics ) f o r 
i m p r o v i n g c rops t o l e r a n t o f w a t e r stress. A l l C G L A R centers w o r k i n g o n c r o p 
b r e e d i n g inves t resources t o i m p r o v e c rops f o r water-scarce e n v i r o n m e n t s a n d 
are i n t r o d u c i n g b i o t e c h n o l o g y m e t h o d s fo r enhanc ing t h e i r b r e e d i n g p r o t o c o l s . 
G e n o m e sequenc ing and f u n c t i o n a l genomics i n m o d e l p l a n t o r c r o p species are 
p r o v i d i n g n o t o n l y n e w k n o w l e d g e b u t also n e w genes t o t ack le some i m p o r t a n t 
ab io t i c stresses i n t h e p l a n t k i n g d o m . I n p u t s f r o m c r o p phys io logis t s a n d w a t e r / 
i r r i g a t i o n managers /engineers are i n c l u d e d i n d e f i n i n g n e w p l a n t t ypes (o r 
i d e o t y p e s ) , w h i c h m a y enhance t h e adap t a t i on o f c rops t o d r o u g h t - p r o n e 
e n v i r o n m e n t s o r i m p r o v e t h e wa te r -use ef f ic iency. I n d e e d , g e r m p l a s m 
i m p r o v e m e n t a n d c r o p - w a t e r m a n a g e m e n t are c o m p l e m e n t a r y approaches f o r 
manag ing w a t e r m o r e e f f i c i e n t l y i n water-scarce e n v i r o n m e n t s . 
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Table 5 . Plant m e c h a n i s m s for d r o u g h t to le rance or wa te r -use ef f ic iency in c r o p s . 
Crop 
Cereals 
Barley 
Maize 
Pearl millet 
Rice 
Sorghum 
Wheat 
Legumes 
Bean 
Chickpea 
Cowpea 
Groundnut 
Lentil 
Lupin 
Pigeonpea 
Soybean 
Starchy crops 
Cassava 
Musa 
Potato 
Sweet potato 
Plant characteristic or mechanism 
Earliness, harvest index, low transpiration efficiency, proline accumulation, short 
grain filling period, tillering 
Anthesis-silk interval, fertile ear number, grain number per fertile ear, great 
partitioning of biomass to the ear (or high harvest index) 
Panicle harvest index or ratio of grain mass to total panicle mass 
High harvest index, intermediate plant height, leaf rolling, high leaf water potential, 
osmotic adjustment, root length density, root penetration ability, root pulling 
resistance, small total dry matter 
High water extraction efficiency, few nodal roots per plant, few higher late 
metaxylem, small leaf area, stay-green owing to delayed senescence 
Abscisic acid (ABA) accumulation, leaf water potential, proline content, 
transpiration efficiency 
Ability to avoid flower abscission and sustain pod formation 
Deep roots, earliness, rapid root development and water extraction, rapid rate of 
large seed development, small leaf area due to few pinnules 
Delayed-leaf senescence and slow growth or stop growth for conserving plant 
tissue moisture, thereby staying alive 
Harvest index, specific leaf area, total amount of water transpired and transpiration 
efficiency 
Early flowering, osmotic adjustment, pod set, transpiration efficiency 
High number and large seeds per pod owing to fast seed growth 
Osmotic adjustment, seedling establishment and early growth vigor 
Root size, ability to degrade ureides, leaf Mn + 2 concentration, transpiration 
efficiency 
Growth index, leaf retention, photosynthetic rate, root length density, stomatal 
conductance 
Leaf stomatal conductance, photosynthetic rate, stomatal morphology, 
transpiration 
Low water potential, root pulling resistance, stomatal conductance 
Leaf water potential, root pulling resistance, root systems 
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Plan t m e c h a n i s m s t o b e c o m e b e t t e r a d a p t e d t o wa te r - sca rce 
e n v i r o n m e n t s are w i d e l y r e p o r t e d b u t m o s t o f t h e m are n o t y e t w e l l 
u n d e r s t o o d ( O r t i z e t a l . 2 0 0 2 ) . A m o n g t h e m o s t i m p o r t a n t are r o o t 
a r c h i t e c t u r e , l e a f m o r p h o l o g y , p h y s i o l o g i c a l charac te rs such as o s m o t i c 
a d j u s t m e n t o r p r o l i n e a c c u m u l a t i o n , p a r t i t i o n i n g o f t o t a l b iomass (as 
d e t e r m i n e d b y d r y m a t t e r o r harves t i n d e x ) , t i m i n g f o r p l a n t d e v e l o p m e n t 
(e .g. ear l iness) , o r o t h e r s associa ted w i t h t h e p l a n t r e p r o d u c t i v e b io logy . S o m e 
o f these charac te r i s t i c s are spec i f ic w h i l e o the r s are c o m m o n t o m a n y species 
(Table 5 ) . S o m e r e p o r t s i n d i c a t e a s ign i f i can t associat ion b e t w e e n c r o p 
t o l e r a n c e o f hea t a n d r e spec t i ve a d a p t a t i o n t o d r o u g h t - p r o n e e n v i r o n m e n t s i n 
t h e w a r m t r o p i c s . G e r m p l a s m sc reen ing f o r t o l e r a n c e t o d r o u g h t u n d e r 
n a t u r a l l y o c c u r r i n g d r o u g h t stress does n o t seem t o b e r e l i ab le . L a c k o f 
u n i f o r m d r o u g h t stress i n t h e f i e l d w i l l r e n d e r sc reen ing f o r d r o u g h t t o l e r a n c e 
i n e f f e c t i v e a n d t h u s l i m i t progress f r o m se l ec t i on . S e l e c t i o n m u s t o c c u r u n d e r 
c o n t r o l l e d e n v i r o n m e n t s , w h e r e d r o u g h t w i l l b e r e l i a b l y i n d u c e d t o 
d i s t i n g u i s h b e t w e e n t o l e r a n t a n d suscep t ib l e geno types , p a r t i c u l a r l y a t 
f l o w e r i n g o r g ra in f i l l i n g stages i n seed c rops . 
A m u l t i d i s c i p l i n a r y a p p r o a c h a n d c a p i t a l i z i n g o n n e w science w i l l be t h e 
means f o r m a k i n g r a p i d progress i n d e v e l o p i n g n e w c rops t h a t w i l l h e l p 
increase w a t e r p r o d u c t i v i t y i n f a r m i n g sys tems w o r l d w i d e . I n t e g r a t e d c r o p -
s o i l - w a t e r m a n a g e m e n t suggests t h a t gene t ic so lu t i ons m a y b e t h e one o f t h e 
answers f o r e n h a n c i n g c r o p a d a p t a t i o n t o w a t e r s t ressful e n v i r o n m e n t s , e.g. 
d r o u g h t - t o l e r a n t o r shor t -season c rops . I d e o t y p e b r e e d i n g a n d n e w 
r e c o m b i n a n t - D N A t o o l s appear t o b e c o m p l e m e n t a r y t o o n g o i n g cross-
b r e e d i n g approaches b e i n g u n d e r t a k e n b y t h e C G I A R a n d i t s research 
pa r tne r s i n t h e d r y agro-ecozones o f t h e w o r l d . H o w e v e r , b reeders n e e d t o 
i n c l u d e i n t h e i r t r a i t assessment n o t o n l y p l a n t cha rac te r i s t i c s b u t also w a t e r 
pa rame te r s , s u c h a s w a t e r p r o d u c t i v i t y a n d w a t e r savings. A l s o , sugges ted 
charac te r i s t i c s a m o n g n e w p l a n t t y p e s m u s t b e t e s t e d t o d e t e r m i n e t h e i r 
p o t e n t i a l n o t o n l y i n t h e t a r g e t e d c r o p b u t also r e l a t e d species a n d w h e r e i t f i t s 
i n t h e a g r i c u l t u r a l s y s t e m . M o d e l p l a n t species ( A r a b i d o p s i s , M e d i c a g o 
t r u n c a t u l a , r i c e o r soybean) are avai lable t o o l s f o r assessing w h o l e - g e n o m e 
t r a n s c r i p t i o n a l response a n d n e w sources o f alleles f o r ( a ) b i o t i c stresses, e.g. 
d r o u g h t . C h a r a c t e r i s t i c s o f i n t e r e s t m a y b e i n c l u d e d i n a p l a n t i d e o t y p e a n d 
gene t i c c o n t r o l p o i n t s associa ted t o t h e m m a y b e d e t e r m i n e d . F u r t h e r , 
c o m p a r a t i v e m a p p i n g w i l l a l l o w d e t e r m i n i n g gene s y n t e n y o f d r o u g h t 
t o l e r a n c e l o c i b e t w e e n c rops w i t h i n t h e same f a m i l y ( o r t r i b e t h e r e i n ) . 
F o r w a r d a n d reverse genet ics m a y i d e n t i f y k e y regu la to r s o f d r o u g h t t o l e r a n t 
geno types . T h e s e t o l e r a n t genes m a y b e cand ida tes f o r gene t i c t r a n s f o r m a t i o n 
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Table 6 . Selected e x a m p l e s of genet ic sys tems ( s o m e l inked to molecular markers) 
enhanc ing adaptat ion to drought -prone env i ronments in s o m e d icoty ledonous crops . 
Crop 
Bean 
Cowpea 
Groundnut 
Soybean 
Tomato 
Trait 
Yield response to drought 
Genotype stops growth and 
keeps moisture to stay alive 
Slow trifoliate growth but 
senescent unifoliate drops; 
growing tips remained turgid 
and alive for long time 
DNA transcripts regulated 
after water stress 
Water-use efficiency 
Water-use efficiency 
Genetic marker syst 
RAPD 
Mendelian 
Mendelian 
PTRD 
From the available n 
RFLP 
em 
map 
Putative genes 
4-5 QTL 
1 major 
1 major 
3 promising 
for MASc 
1 major QTL 
3 QTL 
RAPD = random amplified polymorphic DNA; MASc = marker-aided screening; PTRD = peanut transcripts responsive to 
drought; RFLP = restriction fragment length polymorphism; QTL = quantitative trait loci. 
o r c ro s s -b reed ing m a n i p u l a t i o n s t o d e v e l o p n e w c rops t h a t m a y enhance w a t e r 
p r o d u c t i v i t y i n d r o u g h t - p r o n e e n v i r o n m e n t s . 
G e n e t i c analysis i n s o m e c rops suggests t h a t a f e w genes m a y c o n t r o l 
each o f t h e i n d e p e n d e n t p l a n t m e c h a n i s m s o f d r o u g h t t o l e r a n c e (Table 6 ) . 
F u r t h e r m a r k e r - a i d e d gene t i c analysis reveals t h a t m o s t o f t h e v a r i a t i o n f o r 
responses t o d r o u g h t m a y b e a c c o u n t e d f o r b y one o r f e w Q T L . Cross -
b r e e d i n g assisted b y s e l e c t i o n w i t h D N A m a r k e r s c o u l d b e c o m e a means f o r a 
fast a n d o b j e c t i v e s e l e c t i o n o f n e w c u l t i v a r s w i t h e n h a n c e d a d a p t a t i o n t o 
wa te r - sca rce e n v i r o n m e n t s . For e x a m p l e , r e c e n t analysis o f m o l e c u l a r 
responses t o a b i o t i c stresses suggest t h a t u s i n g r e g u l a t i o n o f gene e x p r e s s i o n 
a n d s ignal t r a n s d u c t i o n i n t r ansgen ic c rops c o u l d enhance t h e i r a d a p t a t i o n t o 
s t ress fu l e n v i r o n m e n t s , e.g. t o d r o u g h t , f ro s t , s a l i n i t y ( S h i n o z a k i e t a l . 1 9 9 9 ) . 
T h e f o l l o w i n g ac t ions are n e e d e d i n a h o l i s t i c a p p r o a c h : 
• C r o p phys io log i s t s a n d i r r i g a t i o n / w a t e r eng inee r s /manager s d e f i n e t r a i t s 
o f i n t e r e s t f o r n e w p l a n t t y p e s w i t h e n h a n c e d a d a p t a t i o n t o wa te r - sca rce 
e n v i r o n m e n t s ; 
• G e n e b a n k managers a n d c r o p b reede r s search f o r t h e sugges ted 
a t t r i b u t e s i n t h e g e r m p l a s m avai lable i n t h e i r c o l l e c t i o n s ; 
• G e n e t i c i s t s m a p genes c o n t r o l l i n g these t r a i t s i n r e s p e c t i v e c r o p poo l s ; 
• C r o p b reede r s use m a p p e d D N A m a r k e r s a s l a n d m a r k s f o r gene 
i n t r o g r e s s i o n f o r s e l ec t i on ; 
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• M o l e c u l a r b io log i s t s u s ing f u n c t i o n a l g e n o m i c s a n d gene s e q u e n c i n g 
d issec t c a n d i d a t e genes f o r speci f ic a t t r i b u t e s e n h a n c i n g w a t e r 
p r o d u c t i v i t y i n c rops ; 
• B io techno log i s t s t r a n s f o r m p lan ts w i t h cand ida te genes across species; a n d 
• C r o p phys io log i s t s a n d b reeders t e s t n e w p l a n t t y p e s t o d e t e r m i n e the ir 
a g r o n o m i c p o t e n t i a l i n t a r g e t e d agro-ecozones. 
Research i n m o d e l c rops (e .g . M e d i c a g o t r u n c a t u l a ) w i l l a d d n e w t o o l s t o 
t h e b r e e d e r ' s k i t s f o r associa ted c r o p species o r even f o r r e sea rch-neg lec ted 
c rops . C o w p e a ( M a i - K o d o m i e t a l . 1 9 9 9 a ; M a i - K o d o m i e t a l . 1 9 9 9 b ; S ingh e t 
a l . 1999a , S i n g h e t a l . 1 9 9 9 b ) seems t o b e t h e best su i t ab le species t o 
d e t e r m i n e t h e gene t i c p o t e n t i a l o f l e g u m e c rops f o r d r o u g h t us ing Q T L 
analysis a n d g e r m p l a s m c h a r a c t e r i z a t i o n . T h e cha rac te r i s t i c s o f i n t e r e s t i n a 
d r o u g h t t o l e r a n t "consensus l e g u m e " species are r o o t a r c h i t e c t u r e , 
t r a n s c r i p t i o n a l p a t h w a y s , p h y s i o l o g i c a l pa r a m e te r s (e .g. o s m o t i c a d j u s t m e n t ) , 
p l a n t d e v e l o p m e n t (e .g . ear l iness) a n d gene t i c c o n t r o l p o i n t s . C o m p a r a t i v e 
m a p p i n g w i l l b e t h e means t o d e t e r m i n e gene s y n t e n y o f d r o u g h t t o l e r a n c e 
l o c i b e t w e e n c r o p l e g u m e genomes . T h e o u t p u t s o f t h i s l e g u m e g e n o m i c 
research are g e n e t i c a l l y d e f i n e d l o c i c o n t r o l l i n g t h i s t r a i t , c a n d i d a t e genes (as 
d e f i n e d b y m a p p i n g , m u t a t i o n a n d t r a n s c r i p t i o n a l i nves t iga t ions ) f o r d r o u g h t 
t o l e r a n c e a n d D N A m a r k e r s f o r ass is ted-se lec t ion o r a i d e d - i n t r o g r e s s i o n a n d 
g e r m p l a s m m a n a g e m e n t r ega rd ing t h e i m p r o v e m e n t o f d r o u g h t a d a p t a t i o n i n 
l e g u m e c rops . W e s h o u l d e x p e c t t h a t n e w p l a n t t y p e s f o r c rops t h a t w i l l 
enhance w a t e r p r o d u c t i v i t y w i l l be d e v e l o p e d a n d e x p e r i m e n t a l l e g u m e 
geno types w i t h n e w p l a n t a r c h i t e c t u r e o r p h y s i o l o g i c a l t r a i t ( s ) m a y be , 
t h e r e f o r e , a d d e d t o t h e t e s t i n g t o o l k i t o f c r o p phys io log i s t s . 
Cost and benefits on cultivar development18 
T h i s discussion assumes t h a t inves tments already p r o v i d e f o r in f ras t ruc tu re , 
e q u i p m e n t a n d access t o any technology, i n c l u d i n g t h a t i n t h e p r o p r i e t a r y d o m a i n . 
L ikewi se , s ta f f m e m b e r s possess t h e " k n o w - h o w " on p lan t b reed ing m e t h o d s a n d 
re levant genet ic resources t h a t are available fo r b reed ing w o r k . These genet ic 
resources c o u l d be accessions f r o m a gene bank, i n t r o d u c t i o n s of exo t i c 
ge rmp la sm, o t h e r cul t ivars , clones o r b reed ing lines o r genes. T h e costs d e p e n d on 
c r o p u n d e r i m p r o v e m e n t , b r eed ing objectives be ing pursued , breeder ' s skil ls , 
18. Notes (after reading references), particularly Morris et al. (2001). 
2 2 1 
capaci ty o f t h e organizat ion, loca t ion w h e r e w o r k be ing u n d e r t a k e n a n d costs o f 
k e y i n p u t s t h r o u g h o u t t h e process f r o m select ing t h e parents fo r crossing t o 
m a r k e t i n g t h e cul t ivar , a m o n g t h e m o s t i m p o r t a n t factors. 
Economic function for investment outputs. T h e a m o u n t of research i n v e s t m e n t 
o n c u l t i v a r d e v e l o p m e n t can b e c o n c e i v e d b y u s i n g a research p r o d u c t i o n 
f u n c t i o n r e l a t i n g research i n p u t s t o research o u t p u t s ( M o r r i s e t a l . 2 0 0 1 ) . 
F r o m a b r e e d i n g c o m p a n y p e r s p e c t i v e , t h i s c o u l d c o m p r i s e m a n y s m a l l 
f u n c t i o n s , e ach r e p r e s e n t i n g a d i f f e r e n t l e v e l o f r esea rch c a p a c i t y 
d i s t i n g u i s h e d b y c o m p l e x i t y a n d scope ( B r e n n a n 1 9 8 9 ) ; i .e . t h e b r e e d i n g 
research p r o d u c t i o n f u n c t i o n b e c o m e s a m e t a - f u n c t i o n o b t a i n e d b y a d d i n g 
d i s c r e t e s u b - p r o g r a m s a n d changes a long t h e m e t a - f u n c t i o n , w h i c h are 
associa ted t o changes i n focus a n d increases i n t h e b r e e d i n g c o m p a n y research 
capab i l i t y . S u c h m o v e m e n t across one t o a n o t h e r l e v e l r equ i r e s " l u m p " 
i n v e s t m e n t s t h a t are n o t easy t o d i v i d e : i n v e s t m e n t s i n lab e q u i p m e n t p l u s 
a p p r o p r i a t e p ro fe s s iona l s t a f f w i t h sk i l l s t o manage t h e n e w e q u i p m e n t o r t o 
a p p l y n e w p r o t o c o l s . T h e d e c i s i o n o n i n v e s t i n g l u m p y resides o n w h e t h e r t h e 
e x t r a resources w i l l p r o v i d e a means t o a d d i t i o n a l ( a n d s ign i f i c an t ) b e n e f i t s t o 
t h e b r e e d i n g c o m p a n y . A n d b e n e f i t s f o r m o s t b r e e d i n g p r o g r a m s cons i s t o f 
a d d i n g v a l u e t o c r o p p r o d u c t i o n en te rp r i ses , s o t h e i n c e n t i v e s f o r f u r t h e r 
i n v e s t m e n t s i n a d d i n g research capac i t y t o t h e i r p r o g r a m s w i l l genera te an 
increase i n t h e area p l a n t e d w i t h n e w c u l t i v a r s ensu ing f r o m t h e e x t r a 
resources g i v e n t o research , a s w e l l a s b e t t e r i n v e s t m e n t r e t u r n s because o f t h e 
v a l u e assoc ia ted t o t h e n e w c u l t i v a r . 
Potential savings for cultivar development process. Savings, in t i m e a n d costs, 
are associa ted t o costs d u r i n g p h e n o t y p i c sc reen ing ( K o o a n d W r i g h t 2 0 0 0 ) , 
w h i c h range f r o m cheap eye s co r ing t o expens ive e q u i p m e n t - l e d t e s t i n g a t 
c e n t r a l s i te ( M o r e a u e t a l . 2 0 0 0 ) , o r i n m u l t i - e n v i r o n m e n t t e s t i n g . T h e q u i c k e r 
( a n d cheape r ) t h e n e w c u l t i v a r reaches f a r m e r s t h e r a p i d r e t u r n t o 
i n v e s t m e n t ; i .e . a cce l e r a t i ng n e w c u l t i v a r releases, t h r o u g h r e d u c i n g b r e e d i n g 
c y c l e , m a y b r i n g s ign i f i c an t b e n e f i t s U N C L E A R (Pandey a n d Raja tasereekul 
1 9 9 9 ) . T h e p l a n t b r e e d i n g m e t h o d t o b e i n c l u d e d i n c u l t i v a r d e v e l o p m e n t i s 
a n i n v e s t m e n t d e c i s i o n , a n d c o n v e n t i o n a l i n v e s t m e n t c r i t e r i a can f a c i l i t a t e i t s 
s e l e c t i o n (Sanders a n d L y n a m 1 9 8 2 ) . 
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M o r r i s e t a l . ( 2 0 0 1 ) d e t e r m i n e d t h e n e t p re sen t va lue ( N P V ) b y 
s u m m i n g t h e s t r e a m o f b e n e f i t s o v e r t h e l i f e o f a c u l t i v a r ( n years) : 
N P V = S n
 t = 1 ( G B t - VR t - RC t ) 
w h e r e GB i s gross bene f i t s ( c a l c u l a t e d as area p l a n t e d to t h e c u l t i v a r x 
i n c r e m e n t a l bene f i t s associa ted w i t h a d o p t i o n ) , V R i s c u l t i v a r release 
expenses (cos t o f e v a l u a t i o n t r i a l s , r e g i s t r a t i o n p r o c e d u r e s , seed 
m u l t i p l i c a t i o n , a d v e r t i s i n g a n d p r o m o t i o n , a n d o t h e r non- resea rch 
i n v e s t m e n t s ) , a n d R C i s research i n v e s t m e n t costs. T h e i n t e r n a l ra te o f r e t u r n 
( I R R ) t o t h e i n v e s t m e n t can b e c o n v e n t i o n a l l y c a l c u l a t e d b y so lv ing t h e 
d i s c o u n t r a t e a t w h i c h t h e N P V equals ze ro . 
T h e r e are t h r e e stages associa ted w i t h t h e s t reams o f costs a n d bene f i t s 
l i n k e d t o c u l t i v a r d e v e l o p m e n t b y t h e b r e e d i n g c o m p a n y a n d release t o t h e 
f a r m e r s , w h o w i l l b e r e p l a c i n g t h e i r p l a n t i n g m a t e r i a l s b y a d o p t i n g (a l l o r 
p a r t i a l l y ) t h e n e w c u l t i v a r p ropagu les ( M o r r i s e t a l . 2 0 0 1 ) : 
1 . Research f o r d e v e l o p i n g i m p r o v e d g e r m p l a s m , i n c l u d i n g t h e p o t e n t i a l 
n e w c u l t i v a r s , e.g. 5 or 6 years f r o m a cross to a d v a n c e d t e s t i n g ; 
2 . Release stage a f te r a d v a n c e d t e s t i n g o f i m p r o v e d g e r m p l a s m , i n w h i c h 
spec i f ic geno types , ( w i t h p o t e n t i a l t o b e c o m e n e w c u l t i v a r s ) are 
i n c l u d e d i n m u l t i - s i t e a n d o n - f a r m t e s t i n g b e f o r e r eg i s t e r ing f o r release. 
C o m m e r c i a l seed of n e w c u l t i v a r s are also p r o d u c e d a t t h i s stage; e.g. 2 
o r 3 years s t a r t i n g f r o m advanced t e s t i ng ; a n d 
3 . A d o p t i o n stage w h e n f a r m e r s g r o w t h e n e w cu l t i va r , 9 t o 1 2 years a f te r 
c u l t i v a r release. 
In stages 1 a n d 2 n e t bene f i t s are nega t ive s ince o n l y costs are i n c u r r e d 
a n d n o b e n e f i t s are y e t r ea l i zed . I n stage 3 n e t b e n e f i t s w i l l d e p e n d o n t h e ra te 
o f f a r m e r s ' a d o p t i n g t h e n e w c u l t i v a r . T h i s b e n e f i t increases u n t i l t h e peak o f 
a d o p t i o n ( a b o u t 5 t o 7 years a f te r t h e n e w c u l t i v a r reaches f a r m e r s ) a n d t h e n 
d e c l i n e w h e n t h e c u l t i v a r s b e c o m e " o l d " a n d n e w e r releases, w i t h n o v e l t r a i t s , 
" h i t " t h e f a r m i n g c o m m u n i t y m a r k e t s . 
T h e r u l e o f t h u m b t o d e c i d e o n b r e e d i n g m e t h o d suggests t h a t i f 
a b u n d a n t c a p i t a l ex i s t s t h e n i t m a k e sense t o cons ide r t hose m e t h o d s (e.g. 
D N A m a r k e r - a i d e d b r e e d i n g ) t h a t generates t h e largest N P V ( i . e . q u i c k 
p r o f i t s o r ea r ly r e t u r n t o i n v e s t m e n t s ) . O t h e r w i s e , t h e m e t h o d t h a t m a x i m i z e s 
I R R (e.g. c o n v e n t i o n a l c ross -b reed ing) c o u l d b e b e t t e r w h e n c a p i t a l i s 
c o n s t r a i n e d i n t h e b r e e d i n g p r o g r a m . 
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Private seed sector, crop breeding and plant 
biotechnology 
T h e sea rch f o r p r o f i t , a s i n any o t h e r bus iness , a t t r a c t s t h e i n t e r e s t o f t h e 
p r i v a t e s ec to r f o r i n v e s t i n g i n t h e seed i n d u s t r y . T h e y also l o o k f o r n e w w a y s 
o f p r o t e c t i n g these i n v e s t m e n t s t h r o u g h i n t e l l e c t u a l p r o p e r t y r i g h t s , p a t e n t s 
o r t h e l i k e , e s p e c i a l l y i f b i o t e c h n o l o g y a p p l i c a t i o n s are u s e d f o r a c c e l e r a t i n g 
t h e g e n e t i c e n h a n c e m e n t o f c r o p s . T h e p r i v a t e seed s e c t o r c o n s i d e r s t h a t 
p l a n t v a r i e t y p r o t e c t i o n encourages a n d ensures r e t u r n o f r e sea rch 
i n v e s t m e n t s , a n d serves a s a n e c o n o m i c i n c e n t i v e f o r p r i v a t e a n d p u b l i c 
s e c t o r i n v e s t m e n t s i n r e sea rch a n d d e v e l o p m e n t . L i k e w i s e p l a n t v a r i e t y 
p r o t e c t i o n , a s i n d i c a t e d b y agr i -bus iness managers , he lp s t o f a c i l i t a t e t h e 
t r a n s f e r o f t e c h n o l o g y a n d k n o w l e d g e , a n d p r o v i d e s e n c o u r a g e m e n t a n d 
assurance f o r p l a n t b r e e d e r s t o i n t r o d u c e t h e i r bes t v a r i e t i e s f o r p r o d u c t i o n 
a n d p r o p a g a t i o n . I n s h o r t , t h e p r i v a t e seed s e c t o r c o n s i d e r s t h a t any k i n d o f 
p l a n t v a r i e t y p r o t e c t i o n w o u l d a t t r a c t n e w a n d i m p r o v e d gene t i c m a t e r i a l 
a n d t e c h n o l o g y , t h e r e b y e n h a n c i n g t h e q u a l i t y a n d y i e l d o f b r e e d i n g 
m a t e r i a l s . A s a c o n s e q u e n c e o f t h e i n t r o d u c t i o n o f i n t e l l e c t u a l p r o p e r t y 
p r o t e c t i o n , a m a t e r i a l t r a n s f e r a g r e e m e n t ( M T A ) has b e c o m e a r o u t i n e 
d o c u m e n t f o r e x c h a n g e o f g e n e t i c m a t e r i a l . 
T h e M T A has b e e n a d o p t e d n o t o n l y b y t h e p r i v a t e seed sec to r b u t also 
b y p u b l i c research o rgan iza t ions . For e x a m p l e , t h e C G I A R cen te r s are u s i n g 
M T A s t o exchange b r e e d i n g ma te r i a l s , w h i c h are r e c o g n i z e d b y these cen te r s 
a n d t h e i r d e v e l o p m e n t i nves to r s a s i n t e r n a t i o n a l p u b l i c goods . L i k e w i s e , 
M T A s are n e e d e d f o r t h e "des igna ted" g e r m p l a s m accessions h e l d b y t h e 
C G I A R gene banks i n t r u s t f o r t h e i n t e r n a t i o n a l c o m m u n i t y , a s pe r t h e 
a g r e e m e n t w i t h t h e F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s . 
T h e C G I A R ' s c o m m i t m e n t t o fairness gives emphas i s t o t h e needs o f t h e r u r a l 
p o o r a n d t o d i sadvantage m e m b e r o f t h e socie ty . T h e r e f o r e , C G I A R cen te r s 
r ecogn ize t h e c o n t r i b u t i o n o f m a n y d i f f e r e n t c o m m u n i t i e s a n d i n d i v i d u a l s , 
e spec ia l ly o f w o m e n , t o t h e c o n s e r v a t i o n a n d e n h a n c e m e n t o f gene t i c 
d i v e r s i t y o f p o t e n t i a l use f o r f o o d a n d a g r i c u l t u r e , a n d w i l l s t r i v e t o ensure 
t h e y b e n e f i t f r o m s u c h c o n t r i b u t i o n s . 
T h e m a i n ob j ec t i ve s o f these M T A s o f t h e C G I A R are t o p r o t e c t t h e 
g e r m p l a s m o r b r e e d i n g l ines a n d associa ted i n f o r m a t i o n f r o m o w n e r s h i p o r 
i n t e l l e c t u a l p r o p e r t y c l a i m s b y t h e r e c i p i e n t s o f t h i s m a t e r i a l . H e n c e , M T A s 
ensure c o n t i n u e d a n d f ree a v a i l a b i l i t y o f t h e gene t i c m a t e r i a l s f r o m t h e 
C G I A R cen te r s . T h e M T A m a y e v o l v e a n d b e c o m e p a r t o f a m u l t i l a t e r a l 
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s y s t e m t h a t f ac i l i t a t es access, exchange a n d use o f gene t ic resources , a n d i t 
ensures a fa i r a n d e q u i t a b l e share o f t h e bene f i t s en su ing f r o m t h e 
c o m m e r c i a l i z a t i o n o r f u r t h e r u t i l i z a t i o n o f these gene t i c m a t e r i a l s i n t h e 
d e v e l o p m e n t o f i m p r o v e d c u l t i v a r s . A s a p a r t o f t h e p o l i c y o f m a x i m i z i n g t h e 
u t i l i z a t i o n o f gene t i c m a t e r i a l s f o r any a g r i c u l t u r a l research o r b r e e d i n g 
purposes , t h e cen te r s o f t h e C G I A R have f a c i l i t a t e d i n t h e last f o u r decades 
t h e d e v e l o p m e n t o f b o t h p u b l i c a n d p r i v a t e seed sec tor i n m a n y par t s o f t h e 
d e v e l o p i n g w o r l d . S o r g h u m p r o v i d e s a g o o d e x a m p l e o f such s u p p o r t f o r t h e 
seed sec tor i n I n d i a . I n 1 9 8 6 , 8 9 % o f t h e d e m a n d f o r s o r g h u m b r e e d i n g 
m a t e r i a l s d e v e l o p e d a t I C R I S A T was f r o m t h e p u b l i c sector; t h i s d e m a n d 
s h i f t e d t o 6 4 % f o r t h e e m e r g i n g p r i v a t e seed sec tor i n 1 9 9 7 . N o w a d a y s , a b o u t 
6 0 % o f t h e p r o p r i e t a r y s o r g h u m h y b r i d s i n I n d i a are d e r i v e d f r o m l ines o r 
segregat ing m a t e r i a l t h a t w e r e p r o v i d e d b y I C R I S A T . 
I t has b e e n a r g u e d t h a t t h e p r i v a t e sec tor p lays a k e y r o l e a n d t h e r e f o r e 
has b e e n i n v e s t i n g i n t h e d e v e l o p m e n t o f h y b r i d seeds f o r ce rea l c rops . 
H o w e v e r , research f o r d e v e l o p m e n t i n t h e p u b l i c sec tor m a y p r o m o t e t h e 
u t i l i z a t i o n o f so-ca l led " o r p h a n " o r n e g l e c t e d c rops . I C R I S A T research o n 
p igeonpea p r o v i d e s a n e x a m p l e o f t h i s s i t u a t i o n . I n n o v a t i v e research a t 
I C R I S A T c h a l l e n g e d t h e a s s u m p t i o n t h a t h y b r i d seeds i n f a r m e r s ' f i e lds w e r e 
n o t ach ievab le f o r f o o d l egumes , i n w h i c h c r o s s - p o l l i n a t i o n sys tems are 
d i f f i c u l t t o d e v e l o p (Saxena e t a l . 1 9 9 6 ) . L e g u m i n o u s species e x h i b i t l o w 
n a t u r a l ou t - c ro s s ing a n d seed m u l t i p l i c a t i o n rates, t h e r e b y t h e r e s u l t i n g costs 
o f h y b r i d seed are n o t e c o n o m i c a l . N o n e t h e l e s s , t h e f i r s t p igeonpea h y b r i d 
I C P H 8 r e a c h e d I n d i a n f a r m e r s in 1 9 9 1 as a r e su l t o f a research p a r t n e r s h i p 
b e t w e e n I C R I S A T a n d t h e I n d i a n C o u n c i l o f A g r i c u l t u r a l Research ( I C R I S A T 
1 9 9 8 ) . A n I n d i a n p r i v a t e seed c o m p a n y b e c a m e i n v o l v e d i n 1 9 9 2 a n d s t a r t e d 
m a r k e t i n g h y b r i d p igeonpea seeds. T h e p igeonpea h y b r i d s s h o w a y i e l d 
advantage o f 2 5 % t o 3 5 % over o p e n - p o l l i n a t e d c u l t i v a r s , w h i c h p a r t i a l l y 
exp l a in s t h e h i g h d e m a n d b y f a r m e r s f o r h y b r i d seed; t h e d e m a n d has s o far 
b e e n e x c e e d i n g t h e supp ly . A f t e r t h i s i n i t i a l success a n e w w a v e o f r e sea rch 
was l a u n c h e d b y a p u b l i c research c o n s o r t i u m l e d b y I C R I S A T t h a t w o n t h e 
f u n d i n g s u p p o r t f r o m a p r i v a t e seed c o m p a n y t o i d e n t i f y a n d i n c o r p o r a t e 
c y t o p l a s m i c m a l e s t e r i l i t y , w h i c h fac i l i t a tes t h e p r o d u c t i o n o f h y b r i d seeds. 
I n r e c e n t years i n v e s t m e n t b y t h e p r i v a t e sec tor i n agribusiness have 
subs t an t i a l l y inc reased i n t h e d e v e l o p i n g w o r l d w i t h t h e a i m o f p r o v i d i n g 
q u a l i t y seed, f o o d a n d f e e d . T h e r e f o r e p a r t n e r s h i p w i t h these c o m p a n i e s i s 
c r u c i a l i n research f o r d e v e l o p m e n t , a n d n o t o n l y t o t r ans fe r t e c h n o l o g y b u t 
also t o a t t r a c t research f u n d i n g . T h e e s t a b l i s h m e n t o f p u b l i c - p u b l i c o r p r i v a t e -
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p u b l i c p a r t n e r s h i p s w i l l enhance t h e p o t e n t i a l f o r a g r i c u l t u r a l p r o d u c t i o n 
e n h a n c e m e n t t h r o u g h o n g o i n g d e v e l o p m e n t s i n p l a n t b i o t e c h n o l o g y . 
H o w e v e r , a l l o u t p u t s o f research a n d d e v e l o p m e n t w i t h grants p r o v i d e d b y 
t h e p r i v a t e sec to r s h o u l d r e m a i n i n t h e i n t e r n a t i o n a l p u b l i c d o m a i n . P u b l i c 
p l a n t b r eede r s s h o u l d see t h e p r i v a t e sec to r i n v e s t m e n t a s s u p p l e m e n t a r y a n d 
n o t a s a r e p l a c e m e n t o f t h e f u n d s p r o v i d e d b y t h e g o v e r n m e n t , i n t e r n a t i o n a l 
d e v e l o p m e n t inves to r s , f o u n d a t i o n s o r o t h e r n o n - g o v e r n m e n t o rgan iza t ions . 
T h e s e n e w a n d e v o l v i n g p a r t n e r s h i p s needs t o b e c a r e f u l l y assessed, e spec ia l ly 
w i t h r e g a r d t o i n t e l l e c t u a l p r o p e r t y r i g h t s . 
Out look 
S o m e o f t h e successes o f p l a n t b reede r s i n t h e past d e p e n d e d o n s o m e w h a t 
" e m p i r i c a l " approaches . F u r t h e r p l a n t b r e e d i n g gains w o u l d inc reas ing ly 
b e c o m e r e l i a n t o n sc i ence - l ed s t rategies u s i n g gene t i c k n o w l e d g e a n d 
i n t e g r a t i n g t ransgenics , m o l e c u l a r m a r k e r t e c h n o l o g y a n d g e n o m i c s i n t o 
b r e e d i n g p r o g r a m s . M o r e advances i n f u n c t i o n a l g e n o m i c s , p r o t e o m i c s a n d 
m e t a b o l o m i c s w i l l enhance t h e k n o w l e d g e a n d p r o v i d e n e w resources f o r 
d e v e l o p i n g n e w b r e e d i n g m e t h o d s f o r t h e s o m e w h a t r e sea rch -neg lec t ed c rops 
o f t h e s e m i - a r i d t r o p i c s . 
Reg iona l approaches o n seed a n d b io sa f e ty l aws w i l l f a c i l i t a t e t r a d e o f 
b i o t e c h n o l o g y p r o d u c t s a n d t o o l s w i t h i n a r e g i o n . P o l i c y o p t i o n s t o enhance 
t h e a d o p t i o n o f p l a n t b r e e d i n g p r o d u c t s a n d t o o l s r e q u i r e s n o t o n l y 
h a r m o n i z i n g l a w s w i t h i n t h e r e g i o n b u t also approaches f o r h e l p i n g business 
s t a r t -ups , e.g. t a x - r e l i e f , i n t e r e s t - f r e e loans a n d o t h e r s i m i l a r schemes t h a t 
encourage p r i v a t e i n v e s t m e n t s f o r e n t r e p r e n e u r d e v e l o p m e n t . T h i s p o l i c y 
s h o u l d s t i m u l a t e se l f - sus ta in ing c o m m e r c i a l o p e r a t i o n s . R i c h - p o o r 
c o o p e r a t i o n , i n s t i t u t i o n a l a l l iances, i n f o r m a t i o n a n d k n o w l e d g e shar ing , a n d 
i n t e l l e c t u a l p r o p e r t y r i g h t s m a n a g e m e n t are also i n f l u e n c i n g t h e success o f 
c r o p gene t i c e n h a n c e m e n t . 
P l a n t gene t i c resources a n d c r o p b r e e d i n g a lone are o n l y p a r t o f t h e 
s o l u t i o n b u t t h e y d o n o t p r o v i d e a l l answers t o e r a d i c a t i o n o f p o v e r t y , f o o d 
s e c u r i t y a n d e n v i r o n m e n t a l safety. Sus ta inab le c r o p a n d n a t u r a l r e source 
m a n a g e m e n t c o u p l e d w i t h new, r e s i l i en t , i m p r o v e d c u l t i v a r s a n d t h e i r h e a l t h y 
p ropagu le s , w h i c h m a y possess t r a i t s f o r agro-process ing a n d c o m m e r c e , are 
c r i t i c a l f o r e n h a n c i n g t h e l i v e l i h o o d s o f t h e r u r a l p o o r i n A f r i c a t h r o u g h access 
t o l oca l , r eg iona l a n d i n t e r n a t i o n a l m a r k e t s . I n t h i s r ega rd , l o n g - t e r m f i n a n c i n g 
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f o r p r o d u c i n g i n t e r n a t i o n a l p u b l i c goods , w h i c h a i m a t t h e e n h a n c e m e n t o f t h e 
l i v e l i h o o d a n d p r o s p e r i t y o f t o d a y ' s poor , s h o u l d b e a t o p p r i o r i t y i n t h e 
agenda o f d e v e l o p m e n t inves to rs i n t h e A f r i c a n s e m i - a r i d t r o p i c s . 
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Agricultural water management in the 
semi-arid tropics of Africa: 
Challenges, opportunities and the way forward 
Franc is N G i c h u k i 1 a n d D o u g M e r r e y 2 
T h i s pape r presen ts chal lenges a n d o p p o r t u n i t i e s f o r a g r i c u l t u r a l w a t e r 
m a n a g e m e n t i n s e m i - a r i d areas o f A f r i c a , i l l u s t r a t e s t h e c o m p l e x i t y o f these 
chal lenges a n d p r o v i d e s b a c k g r o u n d i n f o r m a t i o n o n t h e issues t o those 
c o n c e r n e d w i t h t h e e m e r g i n g w a t e r crisis t o s c ru t i n i ze h o w w a t e r f o r 
a g r i c u l t u r e i s b e i n g m a n a g e d a n d r e f l e c t w h a t t h e f u t u r e w o u l d b e i f these 
cons t r a in t s are n o t a l l e v i a t e d . 
T h e m a i n chal lenges are i d e n t i f i e d a s scarce a n d u n p r e d i c t a b l e w a t e r 
suppl ies , o v e r c o m i n g w a s t e f u l p rac t i ces , shar ing w a t e r resources, increas ing 
l e v e l o f i n v e s t m e n t , a n d s o c i o - e c o n o m i c , p o l i c y a n d i n s t i t u t i o n a l cons t ra in t s . 
O p p o r t u n i t i e s f o r i m p r o v i n g w a t e r m a n a g e m e n t d iscussed i n c l u d e increase 
t h r o u g h d e v e l o p m e n t o f a d d i t i o n a l sources, r e d u c i n g storage, t r an smi s s ion 
a n d a p p l i c a t i o n losses, i m p r o v i n g w a t e r p r o d u c t i v i t y , increas ing e c o n o m i c 
r e t u r n p e r u n i t v o l u m e o f w a t e r a n d r e d u c i n g resource d e g r a d a t i o n . 
F ina l ly , t h e pape r presents suggestions o n t h e w a y f o r w a r d cons i s t ing o f a 
s y s t e m a p p r o a c h i n v o l v i n g address ing i m p l e m e n t issues r e l a t e d t o c r e a t i n g a n 
e n a b l i n g e n v i r o n m e n t , f a c i l i t a t i n g a n d s u p p o r t i n g f r a m e w o r k a n d resource use 
a n d m a n a g e m e n t p rog rams . Research needs are i d e n t i f i e d . 
In t roduct ion 
T h e m o s t c o m m o n features o f s e m i - a r i d l a n d are (a) e r r a t i c a n d u n p r e d i c t a b l e 
r a i n f a l l w i t h h i g h seasonal, annua l a n d spat ia l va r i ab i l i t y ; (b ) m e a n annua l 
p o t e n t i a l e v a p o r a t i o n m u c h h i g h e r t h a n t h e m e a n annua l r a i n f a l l ; (c) l o w 
i n f i l t r a t i o n o f r a i n w a t e r d u e t o h i g h r a i n f a l l i n t ens i t i e s ove r s h o r t a p e r i o d o f 
t i m e a n d r e l a t i v e l y l o w so i l p e r m e a b i l i t y - a c o m b i n a t i o n t h a t gives r ise t o l o w 
so i l m o i s t u r e a v a i l a b i l i t y f o r p l a n t g r o w t h a n d l o w rates o f g r o u n d w a t e r 
recharge; ( d ) so i l cons t r a in t s such a s l o w i n h e r e n t so i l f e r t i l i t y , l o w organic 
1. 
2. 
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m a t t e r c o n t e n t , h i g h so i l s a l i n i t y a n d / o r a l k a l i n i t y a n d h i g h so i l e r o d i b i l i t y ; a n d 
(e) l o w p l a n t p r o d u c t i v i t y l i m i t e d m a i n l y b y w a t e r a n d n u t r i e n t a v a i l a b i l i t y 
a n d c o n s e q u e n t l y p o o r vege ta t ive cover , l i m i t e d graz ing resources , l o w c r o p 
p r o d u c t i o n a n d l o w h u m a n c a r r y i n g capaci ty . 
D e s p i t e these l i m i t a t i o n s , t h e p o p u l a t i o n in semi -a r id areas i s increasing. T h e 
g r o w t h i n h u m a n , l ives tock a n d w i l d l i f e p o p u l a t i o n , increased e c o n o m i c act ivi t ies 
a n d i m p r o v e d standards o f l i v ing leads t o increased d e m a n d fo r w a t e r resources 
a n d c o m p e t i t i o n fo r a n d c o n f l i c t over t h e l i m i t e d water , l and a n d grazing 
resources. U n d e r such cond i t ions , a ma jo r challenge i s h o w to secure f o o d secur i ty 
fo r t h e p o o r a n d vu lne rab le c o m m u n i t i e s i n semi -a r id areas, t h r o u g h m o r e 
e f f i c i en t use a n d equi tab le a l loca t ion of w a t e r resources in a sustainable manner . 
T h i s p a p e r c o n t r i b u t e s t o t h e d e b a t e o n t h i s issue b y h i g h l i g h t i n g t h e 
m a i n chal lenges i n a g r i c u l t u r a l w a t e r m a n a g e m e n t , t h e o p p o r t u n i t i e s f o r 
address ing t h e chal lenges a n d f i n a l l y p roposes t h e w a y f o r w a r d . T h e pape r 
i l l u s t r a t e s t h e c o m p l e x i t y o f these chal lenges a n d p r o v i d e s b a c k g r o u n d 
i n f o r m a t i o n o n t h e issues t o t h o s e c o n c e r n e d w i t h t h e e m e r g i n g w a t e r cr is is t o 
s c r u t i n i z e h o w w a t e r f o r a g r i c u l t u r e i s b e i n g m a n a g e d a n d r e f l e c t w h a t t h e 
f u t u r e w o u l d b e i f these c o n s t r a i n t s are n o t a l l e v i a t e d . 
Challenges of agricultural water management 
Scarce and unpredictable water supplies 
Limited and unreliable rainfall 
T h e m e a n annua l r a i n f a l l ove r t h e A f r i c a n c o n t i n e n t i s 7 2 4 m m w i t h a 
s t a n d a r d d e v i a t i o n o f 6 6 4 . T h e r a i n f a l l i s p o o r l y d i s t r i b u t e d w i t h 
a p p r o x i m a t e l y 6 7 % o f t h e area r e c e i v i n g less t h a n 1 0 0 0 m m p e r a n n u m (see 
F i g u r e 1 ) . T w e n t y f i v e p e r c e n t , 5 0 % a n d 7 5 % o f t h e l a n d area receives less 
t h a n 1 3 4 , 5 6 4 a n d 1 1 7 8 m m p e r a n n u m , respec t ive ly . A p p r o x i m a t e l y 1 0 % o f 
t h e area receives m o r e t h a t 1 6 5 0 m m a n d o n l y 3 % receives m o r e t h a n 2 1 0 0 
m m p e r a n n u m (see F i g u r e 2 ) . H e n c e t h e i n t e r n a l l y r e n e w a b l e w a t e r 
resources i n t h e s e m i - a r i d areas o f A f r i c a i s l o w a n d t h e p o t e n t i a l c o n t r i b u t i o n 
o f t h e m o r e h u m i d areas t o w a t e r resources i n t h e s e m i - a r i d areas i s l i m i t e d 
d u e t o t h e l o w pe rcen t age o f t h e areas r e c e i v i n g m o r e t h a n 1 0 0 0 m m o f 
r a i n f a l l a n d t h e i r spa t ia l d i s t r i b u t i o n . 
O t h e r cha rac t e r i s t i c s o f r a i n f a l l i n S A T t h a t c rea te a d d i t i o n a l 
m a n a g e m e n t chal lenges are i t s h i g h i n t e n s i t y , s h o r t d u r a t i o n , t e m p o r a l 
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Figure 2. Rainfal l as a f u n c t i o n of % of t h e land area . 
Figure 1 . Spat ia l var iabi l i ty o f a n n u a l prec ip i ta t ion . 
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v a r i a b i l i t y , a n d u n p r e d i c t a b i l i t y . H i g h r a i n f a l l i n t e n s i t i e s l ead t o h i g h r u n o f f 
a n d so i l loss p o t e n t i a l , s h o r t d u r a t i o n l i m i t s t h e l e n g t h o f t h e g r o w i n g season, 
w h i l e t e m p o r a l v a r i a b i l i t y a n d u n p r e d i c t a b i l i t y o f r a i n f a l l are t h e m a i n causes 
o f s m a l l h o l d e r f a r m e r s r e l u c t a n c e t o i nves t i n h i g h i n p u t c r o p p r o d u c t i o n . 
T h e r e i s also a h i g h v a r i a b i l i t y in t h e r a i n f a l l onse t d a t e ( 3 0 - 5 0 days onse t 
w i n d o w ) a n d t h e seasonal r a i n f a l l decreases w i t h t h e de l ay i n t h e onse t o f t h e 
ra ins . T r e n d s analysis o f seasonal r a i n f a l l f o r D w a - K i b w e z i r a i n f a l l s t a t i o n i n a 
s e m i - a r i d area o f K e n y a , w h i c h has b i m o d a l r a i n f a l l , s h o w e d t h a t seasonal 
r a i n f a l l ( 1 2 0 days) r a n g e d f r o m 0 - 8 5 0 m m . A c h r o n o l o g y o f b a d , fa i r a n d g o o d 
r a i n f a l l seasons3 s h o w e d t h a t b a d seasons o c c u r c h a r a c t e r i s t i c a l l y i n runs o f 
2-5 seasons r a t h e r t h a n s ing ly (see F igu re 3 ) ( G i c h u k i , 2 0 0 0 ) . 
E x p e r i e n c e s i n t h e s e m i - a r i d areas o f E w a s o N g i r o N o r t h r i v e r basin have 
s h o w n t h a t d u e t o t h e h i g h r a i n f a l l v a r i a b i l i t y , t h e r e are r isks associa ted w i t h 
Source: Gichuki, 2000 
Figure 3 . C h r o n o l o g y o f b a d , fa i r a n d g o o d rainfal l seasons ( D w a - K i b w e z i , 
Kenya) . 
t h e w a t e r sources . W a t e r sources w i t h q u a n t i f i a b l e r i sks i n c l u d e (a) sources 
w i t h a d e q u a t e h y d r o l o g i c a l da ta avai lable ; ( b ) large d a m s w i t h large c a t c h m e n t 
areas; a n d (c ) p r o v e n g r o u n d w a t e r aqu i fe r s . Real i s t ic e s t ima te s o f t h e 
m a g n i t u d e o f r i s k i s n o t poss ib le f o r (a) s m a l l d a m s w i t h s m a l l c a t c h m e n t s 
because s u c h d a m s have p e r i o d s w i t h g o o d r a i n f a l l w h i c h are also p e r i o d s w i t h 
l o w i r r i g a t i o n w a t e r r e q u i r e m e n t s ; ( b ) d a m s w i t h c a t c h m e n t areas i n w h i c h 
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l a n d use i s chang ing a n d a f f e c t i n g r u n o f f rates a n d s i l t loads; a n d (c ) surface 
w a t e r sources i n w h i c h u p s t r e a m w a t e r a b s t r a c t i o n m a y increase d u e t o 
i n e f f e c t i v e sys tems o f w a t e r r igh t s a n d t h e i r e n f o r c e m e n t s . 
Groundwater 
T h e chal lenges o f g r o u n d w a t e r resources m a n a g e m e n t are associated w i t h 
g r o u n d w a t e r recharge , d e v e l o p m e n t , p o l l u t i o n and over- o r u n d e r -
e x p l o i t a t i o n . I n t h e s e m i - a r i d areas, e v a p o r a t i o n i s h i g h e r t h a n r a i n f a l l a n d 
i n f i l t r a t i o n rates are l o w a n d hence t h e p o t e n t i a l c o n t r i b u t i o n o f r a i n w a t e r t o 
g r o u n d w a t e r recharge i s l o w a n d m a i n l y takes p lace i n areas w i t h sandy soils 
a n d / o r w h e r e r u n o f f a c c u m u l a t e s . H e n c e m o s t o f t h e g r o u n d w a t e r resources 
i n s e m i - a r i d areas o r i g i n a t e f r o m t h e s u r r o u n d i n g s e m i - h u m i d a n d h u m i d 
areas. D e v e l o p m e n t o f g r o u n d w a t e r i n s e m i - a r i d areas i s c o n s t r a i n e d b y t h e 
l i m i t e d a q u i f e r c a p a c i t y a n d w a t e r y i e l d , l ack o f da ta o n w a t e r ava i l ab i l i t y a n d 
q u a l i t y a n d t h e h i g h cos t o f e x p l o r i n g , d e v e l o p i n g a n d l i f t i n g g r o u n d w a t e r 
resources . P o l l u t i o n a n d o v e r - e x p l o i t a t i o n o f g r o u n d w a t e r i s a ser ious p r o b l e m 
i n s o m e l o c a l i z e d areas. I n o t h e r areas t h e g r o u n d w a t e r resources are r e l a t i v e l y 
u n d e r - u t i l i z e d a n d can serve as a b u f f e r against seasonal shor t f a l l s in r a in f a l l 
a n d surface w a t e r resources ( G i c h u k i e t a l . 1 9 9 8 ) . 
Mismatch between water availability and demand 
W a t e r sca rc i ty s i tua t ions ex i s t w h e r e users are i n c o m p e t i t i o n f o r access t o 
w a t e r b r o u g h t a b o u t m a i n l y b y d r o u g h t , p o p u l a t i o n g r o w t h , overuse a n d 
m i s u s e ( p o l l u t i o n ) a n d t h e m i s m a t c h b e t w e e n s u p p l y a n d d e m a n d . T e m p o r a l 
a n d spat ia l m i s m a t c h b e t w e e n w a t e r ava i l ab i l i t y a n d d e m a n d occur s na tu ra l l y . 
T h e t e m p o r a l m i s m a t c h i s associated w i t h t h e r a in fa l l a n d n a t u r a l r i v e r f l o w 
r e g i m e a n d t h e w a t e r d e m a n d f o r h u m a n , p l a n t a n d a n i m a l use. Ra in fa l l i n 
s e m i - a r i d areas is c o n c e n t r a t e d ove r a sho r t p e r i o d w h e n t h e r e is a su rp lus 
w h i l e t h e d r y season expe r i ences w a t e r d e f i c i t s . S torage i s t h e r e f o r e r e q u i r e d 
t o m e e t t h e w a t e r d e m a n d s o f t h e d r y season. T h e spat ia l m i s m a t c h o f w a t e r 
a v a i l a b i l i t y a n d d e m a n d i s associated w i t h t h e spat ia l d i s t r i b u t i o n o f h u m a n 
p o p u l a t i o n a n d t h e s u i t a b i l i t y o f l a n d f o r i r r i g a t i o n , w h i c h d e t e r m i n e s t h e 
d e m a n d p o i n t a n d t h e w a t e r ava i lab i l i ty , w h i c h d e t e r m i n e s t h e s u p p l y p o i n t s . 
W a t e r i s i n m o s t cases c o n c e n t r a t e d i n areas t h a t are spa t i a l ly d i s t a n t f r o m t h e 
d e m a n d p o i n t s a n d hence t h e n e e d f o r h y d r a u l i c s t r u c t u r e s t o c a p t u r e t h e 
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w a t e r f r o m t h e s u p p l y p o i n t a n d d e l i v e r a n d d i s t r i b u t e i t t o t h e va r ious 
d e m a n d s p o i n t s . T h i s places a n e n o r m o u s d e m a n d o n t h e f i n a n c i a l resources 
t o c o n s t r u c t t h e h y d r a u l i c s t r u c t u r e s , t h e d e v e l o p m e n t o f h u m a n a n d 
i n s t i t u t i o n a l capac i t i es t o manage these f a c i l i t i e s i n w a y s t h a t p r o m o t e e q u i t y 
a n d are d e p e n d a b l e . D e v e l o p m e n t o f w a t e r i n f r a s t r u c t u r e sh i f t s access o r 
d i s t r i b u t i o n p a t t e r n s t o p e o p l e ' s advantage b u t m a y also c o n c e n t r a t e w a t e r 
resources i n a c e r t a i n r e g i o n a n d sub jec t a n o t h e r r e g i o n t o e x t r e m e scarc i ty . 
Overcoming wasteful water management practices 
A g r i c u l t u r e has been accused o f ope ra t ing a t l o w w a t e r use eff iciencies. 
Evapora t ion , r u n o f f a n d deep p e r c o l a t i o n losses in r a in f ed agr icu l tu re range 
b e t w e e n 3 0 % a n d 8 0 % . I n i r r i ga t ed agr icu l tu re conveyance, d i s t r i b u t i o n a n d 
a p p l i c a t i o n losses range b e t w e e n 1 0 % a n d 9 0 % w i t h overa l l i r r i g a t i o n eff iciencies 
o f 3 0 - 9 5 % . H e n c e t h e r e i s a h i g h p o t e n t i a l f o r r e d u c i n g these was t e fu l pract ices . 
H o w e v e r , K e l l e r e t a l . ( 1 9 9 6 ) n o t e d t h a t w a t e r w a s t e d i n t h e u p p e r regions 
s o m e t i m e s ends u p be ing reused d o w n s t r e a m . T h e y argued t h a t w h i l e analysis a t 
i r r i ga t i on p ro j ec t m a y ind ica te l o w w a t e r use e f f ic iency ( 2 0 - 6 0 % ) , f r o m a basin 
perspec t ive t h e e f f ic iency m a y b e h i g h ( 6 0 - 9 0 % ) i f t h e w a t e r i s reused. H e n c e 
increasing e f f ic iency a t t h e p ro j ec t l eve l m a y have negative i m p a c t s on t h e systems 
reus ing t h e w a t e r p e r c e i v e d t o b e los t b y t h e u p s t r e a m i r r i g a t i o n p ro j ec t . 
H o w e v e r , i t i s i m p o r t a n t to n o t e t h a t t h i s reuse w a t e r i s avai led a t a la ter t i m e , a t 
a l o w q u a l i t y a n d m a y invo lve a d d i t i o n a l costs o f c a p t u r i n g and t r a n s p o r t i n g i t . 
Reversing trends in water and land degradation 
I n a p p r o p r i a t e l a n d u s e a n d m a n a g e m e n t 
T h e m a i n n a t u r a l ecosys tems u n d e r g o i n g m a j o r l a n d use changes i n A f r i c a are 
f o r e s t l a n d , grass land a n d w e t l a n d s . I n t e n s i f i c a t i o n i s t a k i n g p lace i n m o s t l a n d 
uses p a r t i c u l a r l y w h e r e h i g h p o p u l a t i o n pressure a n d m a r k e t forces are d r i v i n g 
i n t e n s i f i c a t i o n . I n a p p r o p r i a t e l a n d use a n d m a n a g e m e n t i n b o t h s e m i - a r i d 
areas a n d t h e m o r e h u m i d u p l a n d w a t e r s h e d s has b e e n i d e n t i f i e d a s a m a j o r 
t h r e a t t o w a t e r a v a i l a b i l i t y f o r d o w n s t r e a m a g r i c u l t u r e , d o m e s t i c , l i v e s t o c k 
a n d w i l d l i f e use ( G i c h u k i e t a l . , 1 9 9 8 ) . 
D e f o r e s t a t i o n o f u p p e r w a t e r s h e d s has b e e n i d e n t i f i e d a s a m a j o r t h r e a t 
i n A f r i c a , w h i c h l o s t 5 5 m i l l i o n hec ta res t o d e f o r e s t a t i o n i n t h e p e r i o d 
1 9 8 0 - 1 9 9 5 w i t h C a m e r o o n a c c o u n t i n g f o r n e a r l y 2 m i l l i o n hec ta res ( F A O 
2 4 0 
1 9 9 7 ) . I n j u s t 1 0 0 years, E th iop ia ' s forests have d e c l i n e d f r o m 4 0 % t o o n l y 3 % 
o f t h e l a n d . These l a n d use changes have adversely a f f ec t ed g r o u n d a n d surface 
w a t e r ava i l ab i l i ty a n d seasonality o f surface w a t e r i n t h e s e m i - a r i d areas, a s t h e 
u p p e r wa te r sheds are t h e m a i n sources o f w a t e r i n s e m i - a r i d areas. 
W e t l a n d s are a h a b i t a t o f great eco log ica l i m p o r t a n c e (e.g. as hab i t a t s f o r 
w a t e r f o w l , f i s h , a n d o t h e r w i l d l i f e , a s r egu la to r s o f w a t e r q u a n t i t y a n d q u a l i t y 
i n r e c e i v i n g w a t e r s , areas o f h i g h b i o d i v e r s i t y e tc . ) a n d s u p p o r t h u m a n 
ex i s t ence a s sources o f f i s h ( f o r f o o d ) , d r i n k i n g w a t e r , b u i l d i n g m a t e r i a l s , 
m e d i c i n e s a n d d r y seasonal graz ing . C o n v e r s i o n o f w e t l a n d s ( m a i n l y s w a m p s 
a n d m a r s h l a n d s ) t o c r o p l a n d a n d u r b a n - i n d u s t r i a l e s t ab l i shmen t s i s 
t h r e a t e n i n g t h e i r i n t e g r i t y a n d a b i l i t y t o p e r f o r m eco log ica l f u n c t i o n s ( D a y 
1 9 9 8 , B u g e n y i a n d B a l i r w a , 1 9 9 8 ) . A l s o increased w a t e r use, m a i n l y f o r 
a g r i c u l t u r e , i n t h e u p p e r reaches o f r i v e r s i s i n s o m e cases r e s u l t i n g i n d r y i n g 
u p o f t h e w e t l a n d s i n s e m i - a r i d areas w i t h adverse socia l , e c o n o m i c a n d 
e n v i r o n m e n t a l i m p a c t s . 
L a n d use a n d m a n a g e m e n t i n f l u e n c e w a t e r y i e l d a n d q u a l i t y i n a 
grassland landscape i n s e m i - a r i d areas, W h e r e grasslands have b e e n c o n v e r t e d 
t o c r o p l a n d s w i t h o u t a d e q u a t e c o n s e r v a t i o n measures o r are over-grazed , t h e 
w a t e r q u a l i t y i s nega t i ve ly a f f e c t e d . A s a consequence o f i n a p p r o p r i a t e l a n d 
use a n d m a n a g e m e n t , w i l d l i f e ecosys tems a n d hab i t a t s are t h r e a t e n e d b y t h e 
d e c l i n e i n d r y season f l o w s , f l o o d f l o w r e g u l a t i o n r e s u l t i n g i n d e s t r u c t i o n o f 
hab i t a t s c r e a t e d b y seasonal f l o o d i n g , e n c r o a c h m e n t a n d c o n v e r s i o n o f 
savannahs, w e t l a n d s a n d fo res t l a n d ( G i c h u k i e t a l . 1 9 9 8 ; S M U C 2 0 0 1 ) . 
Water pollution 
Poor a g r i c u l t u r a l w a t e r m a n a g e m e n t p rac t ices are t h e m a j o r source o f w a t e r 
p o l l u t i o n . G i c h u k i e t a l . ( 1 9 9 8 ) r e p o r t e d t h a t t h e U p p e r Ewaso N g i r o N o r t h 
bas in expe r i ences a h i g h so i l loss w i t h suspended s e d i m e n t l o a d o f t h e 1 5 , 2 0 0 
k m 2 bas in area r ang ing f r o m 3 5 0 - 1 5 3 8 Parts p e r m i l l i o n ( p p m ) m a i n l y 
a t t r i b u t e d t o r u n o f f f r o m overgrazed l a n d . K i h a r a ( 1 9 9 8 ) r e p o r t e d t h a t 
s e d i m e n t d i scharge f o r d i f f e r e n t s u b - c a t c h m e n t s o f t h e Ewaso N g i r o N o r t h 
bas in v a r i e d f r o m 1 2 - 2 8 1 t km - 2 p e r year. T h o m a s ( 1 9 9 5 ) s t u d i e d t h e 
s e d i m e n t d i scharge o f a n e p h e m e r a l c a t c h m e n t ( 2 . 2 1 k m 2 ) a n d r e p o r t e d 
s u s p e n d e d s e d i m e n t d ischarge as h i g h as 2 0 0 kg s - 1 d u r i n g peak f low p e r i o d . 
S o i l loss a t p l o t l eve l f o r a s ingle s t o r m as f o u n d to range f r o m 1-5.6 t ha - 1 
( M u t u n g a 1 9 9 4 ) a n d t h e average seasonal so i l loss f o r a g e n t l e s lope ( 5 % ) in 
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t h e s e m i - a r i d L a i k i p i a P la t eau o f t h e Ewaso N g i r o N o r t h bas in was 2 4 . 8 t ha"1 
a n d 1 9 . 7 t ha - 1 f o r c r o p l a n d a n d graz ing l a n d , r e s p e c t i v e l y ( L i n i g e r , 1 9 9 1 ) . 
O k w a c h ( 2 0 0 0 ) i n v e s t i g a t e d t h e e f f e c t o f t i l l age a n d c r o p c o v e r o n r u n o f f 
a n d so i l loss o n C h r o m i c L u v i s o l s o n 8 - 1 0 % slopes i n K a t u m a n i , K e n y a , a n d 
r e p o r t e d t h a t t h e c o n t r o l p l o t p l o u g h e d a n d l e f t bare h a d t h e h ighes t r u n o f f 
a n d so i l loss, 2 6 % a n d 3 2 t ha"1. T h e p l o t t h a t was c o n v e n t i o n a l l y p l o w e d , 
m u l c h e d w i t h 5 0 % o f p r e v i o u s season m a i z e s tove r a n d a m a i z e p l a n t 
p o p u l a t i o n o f 2 2 , 0 0 0 p l an t s p e r hec t a r e h a d r u n o f f loss o f 1 5 % a n d so i l loss o f 
1 0 t ha - 1 . C o n v e n t i o n a l l y p l o w e d p l o t s , m u l c h e d w i t h 1 0 0 % s tove r f r o m 
p r e v i o u s season a n d a m a i z e p l a n t p o p u l a t i o n o f 5 3 , 0 0 0 p l an t s p e r hec t a r e h a d 
r u n o f f loss o f 7 % a n d so i l loss o f 2 t ha - 1 . D o u b l i n g t h e m a i z e p l a n t p o p u l a t i o n 
d o u b l e d t h e m a i z e y i e l d a n d r e d u c e d soi l a n d r u n o f f loss. 
Poor a g r i c u l t u r a l l a n d use a n d m a n a g e m e n t i s b l a m e d f o r e u t r o p h i c a t i o n 4 
t h a t i s t a k i n g p lace i n s o m e places a t a n a l a r m i n g ra t e ( B u g e n y i a n d B a l i r w a 
1 9 9 8 ) . T h e inc reased d e p o s i t i o n rates o f n i t r o g e n a n d p h o s p h o r o u s i n t o w a t e r 
b o d i e s i s associa ted w i t h a g r i c u l t u r a l a c t i v i t i e s a n d m o d i f i c a t i o n o f t h e r i v e r i n e 
e c o s y s t e m , p a r t i c u l a r l y w e t l a n d s w h i c h p e r f o r m s o m e n a t u r a l p u r i f i c a t i o n 
f u n c t i o n . D e g r a d a t i o n o f these aqua t i c ecosys tems i s t h r e a t e n i n g t h e 
s u s t a i n a b i l i t y o f f i s h e r y resources . 
G r o u n d w a t e r c o n t a m i n a t i o n i s a g r o w i n g p r o b l e m as b i o l o g i c a l a n d 
c h e m i c a l p o l l u t a n t s f r o m a g r i c u l t u r e , i n d u s t r y a n d u r b a n areas p e n e t r a t e i n t o 
t h e g r o u n d w a t e r aqu i fe r s a n d c o n t a m i n a t e t h e f r e sh w a t e r s t o r e d i n t h e m . 
T h e cha l l enge i s e v e n m o r e d a u n t i n g w h e n y o u c o n s i d e r t h e d i f f i c u l t i e s 
associa ted w i t h r e s t o r i n g a c o n t a m i n a t e d a q u i f e r t o safe c o n d i t i o n s . 
Water logging and salinization 
C o n t i n e n t a l l eve l analysis shows t h a t a p p r o x i m a t e l y 4 0 - 6 0 % o f i r r i g a t i o n w a t e r 
i s los t t h r o u g h seepage a n d evapo ra t i on . T h i s seepage loss c o n t r i b u t e s to serious 
so i l sa l in iza t ion a n d w a t e r l o g g i n g p r o b l e m s . For e x a m p l e , i n M o z a m b i q u e , t h e 
l o w e r L i m p o p o basin i s e x p e r i e n c i n g serious salt p r o b l e m s p a r t l y d u e t o t h e 
sa l in i ty b r o u g h t d o w n s t r e a m f r o m t h e p o o r l y d r a i n e d C h o k w e I r r i g a t i o n 
s c h e m e a n d also b y salt c o m i n g f r o m t h e Changane R i v e r t r i b u t a r y w h i c h passes 
t h r o u g h saline soils i n t h e Changane bas in ( U N E P 2 0 0 0 b ) . 
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I n t h e N i l e D e l t a , w a t e r logg ing a n d s a l i n i t y p r o b l e m s are v e r y e x t e n s i v e 
p a r t l y d u e t o t h e h o t a r i d c l i m a t e , t h e h i g h l e v e l o f i r r i g a t i o n w a t e r use a n d t h e 
f i n e - g r a i n e d a l l u v i a l soils w i t h p o o r i n t e r n a l dra inage ( M u r a k a m i 1 9 9 5 ) . I n 
1 9 8 2 a l m o s t a l l t h e i r r i g a t e d area i n E g y p t was p o t e n t i a l l y a f f e c t e d b y salt a n d 
a b o u t 4 0 0 k m 2 o f i r r i g a t e d area w e r e b e i n g e q u i p p e d w i t h dra inage sys tems 
each year a t a cos t o f U S $ 2 0 0 p e r hec ta re t o p a r t i a l l y address t h e s a l i n i za t i on 
p r o b l e m ( M u r a k a m i 1 9 9 5 ) . S o l u t i o n s t o t h e w a t e r logg ing a n d s a l i n i za t i on are 
c o n s t r a i n e d b y t h e i n a b i l i t y o f f a r m e r s t o m a k e t h e r e q u i r e d l eve l o f 
i n v e s t m e n t a n d t h e i n a b i l i t y o f i r r i g a t i o n a u t h o r i t i e s i n a b i l i t y t o e f f e c t i v e l y 
o p e r a t e t h e dra inage s y s t e m . 
Achieving fair sharing of water resources 
T h e t e m p o r a l a n d spa t i a l v a r i a b i l i t y i n t h e a v a i l a b i l i t y o f w a t e r resources a n d 
t h e fac t t h a t i t i s a m o v i n g resource adds t o t h e s o c i o - e c o n o m i c , po l i cy , 
l eg i s la t ive a n d i n s t i t u t i o n a l c o m p l e x i t i e s o f sha r ing w a t e r resources m a k i n g 
a c h i e v i n g fa i r w a t e r a l l o c a t i o n a d a u n t i n g task . C o n s e q u e n t l y , w a t e r a l l o c a t i o n 
r e m a i n s a c o n t e n t i o u s issue w i t h c l a i m s a n d c o u n t e r - c l a i m s a m o n g c o m p e t i n g 
uses a n d users l e a d i n g t o c o n f l i c t s . A s c o m p e t i t i o n f o r w a t e r increases, 
a g r i c u l t u r e i s e x p e c t e d to rece ive a decreas ing share o f t h e w a t e r resources . 
W h i l e t h e l a w gives p r i o r i t y t o d o m e s t i c use, t h i s i s a n i n a d e q u a t e 
m e c h a n i s m f o r fa i r shar ing o f w a t e r resources espec ia l ly f o r t h e s e m i - a r i d 
c o m m u n i t i e s . T h i s i s m a i n l y a t t r i b u t e d t o ove r - abs t r ac t i on a n d p o l l u t i o n i n t h e 
u p p e r reaches. I n t h e s e m i - a r i d areas, i r r i g a t e d a g r i c u l t u r e i s i n c o m p e t i t i o n 
f o r l i m i t e d supp l i e s w i t h d o m e s t i c a n d i n d u s t r i a l uses w h i c h can a f f o r d t o pay 
m o r e p e r u n i t v o l u m e o f w a t e r a n d w i t h use f o r m a i n t a i n i n g e c o s y s t e m 
services such a s sus ta in ing w e t l a n d s a n d m e e t i n g m i n i m u m s t r e a m f l o w 
r e q u i r e m e n t s . A s w a t e r sca rc i ty increases, t h e p o o r b e c o m e inc reas ing ly 
d i s advan taged a s t h e r i c h can a f f o r d t o c o n s t r u c t reservoi rs , increase t h e d e p t h 
o f t h e i r b o r e h o l e s o r even inves t i n i n t e r -ba s in w a t e r t ransfers . 
T h e e x a m p l e s b e l o w i l l u s t r a t e t h e t r ends t o w a r d s u n f a i r w a t e r shar ing. 
O v e r u s e o f w a t e r by u p s t r e a m users i s s igni f icant ly r e d u c i n g d r y season r i ve r 
f l o w s i n m a n y r i v e r s i n A f r i c a . For e x a m p l e t h e analysis o f t h e Ewaso N g i r o 
N o r t h R ive r a t A r c h e r ' s Post, Kenya , f o r t h e n u m b e r o f days w i t h m e a n f l o w less 
t h a n 1 m 3 s - 1 f r o m 1 9 6 0 shows a clear t r e n d o f decreasing dry-season f l o w (see 
F igure 4 ) . T h e f l o w i s l o w e s t i n February a n d t h e m e a n f o r t h i s m o n t h d r o p p e d 
f r o m 9 m 3 s - 1 i n t h e 1960s, t o 4 . 5 9 m 3 s - 1 i n t h e 1970s, t o 1.29 m 3 s - 1 i n t h e 
1980s , a n d t o 0 . 9 9 m 3 s - 1 i n t h e 1990s ( L i n i g e r 1 9 9 5 ) . T h e r i v e r d r i e d u p f o r a 
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s t r e t c h o f u p t o 6 0 k m u p s t r e a m o f B u f f a l o Spr ings i n 1 9 8 4 , 1 9 8 6 , 1 9 9 1 , 
1 9 9 4 , 1 9 9 7 a n d 2 0 0 0 . Fo r t h e p e r i o d A p r i l 1 9 9 8 t o D e c e m b e r 2 0 0 0 , t h e d a i l y 
m e a n f l o w p e a k e d a t 3 5 4 m 3 s - 1 i n M a y 1 9 9 8 a n d d r o p p e d t o ze ro i n F e b r u a r y 
1 9 9 9 i l l u s t r a t i n g t h e r a p i d response t o c l i m a t i c d r o u g h t ( G i c h u k i e t a l . 1 9 9 9 ) . 
T h i s r e d u c t i o n i n f l o w i s a t t r i b u t e d m a i n l y t o inc reas ing w a t e r a b s t r a c t i o n 
u p s t r e a m a n d d r o u g h t cycles , a s t h e r e i s n o c o r r e s p o n d i n g d e c l i n e i n r a i n f a l l 
a m o u n t s o v e r t h e same p e r i o d . 
Figure 4 . Dec l in ing t rends o f increasing per iod o f very l o w f l o w o f Ewaso 
N g i r o N o r t h River, Kenya. 
S i m i l a r e x p e r i e n c e s are r e p o r t e d f o r t h e G r e a t Ruaha r i v e r w h e r e d r y 
season f l o w s have b e e n r e p o r t e d t o have d e c l i n e d since t h e ear ly 1970s , w i t h 
t h e c o m p l e t e cessa t ion o f f l o w d u r i n g t h e d r o u g h t years ( S M U C 2 0 0 1 ) . T h e 
s i t u a t i o n i s p r e d i c t e d t o ge t w o r s e i n t h e f u t u r e . F o r e x a m p l e i n t h e L o w e r 
L i m p o p o Basin t h e p r e d i c t i o n s are t h a t t h e r e w i l l b e a decrease o f 2 0 % i n t h e 
p r e s e n t i n f l o w s o f t h e L i m p o p o a t Pa fu r i i n t h e m e d i u m t e r m a n d a decrease 
o f 2 0 % i n t h e i n f l o w s i n t h e E le fan tes a n d 4 0 % i n t h e L i m p o p o a t Pa fu r i i n t h e 
l o n g t e r m ( U N E P 2 0 0 0 b ) . 
O v e r - u s e o f t h e w a t e r i n t h e u p p e r m o r e h u m i d w a t e r s h e d s resu l t s i n 
r e d u c t i o n s i n surface w a t e r f l o w s i n t o t h e s e m i - a r i d areas. T h i s has m a j o r 
i m p l i c a t i o n s o n t h e f u t u r e surface a n d g r o u n d w a t e r ava i l ab i l i ty , cos t o f 
d e v e l o p m e n t a n d m a n a g e m e n t responses i n t h e s e m i - a r i d areas. 
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Investment challenges 
Concerns for the environment 
A g r i c u l t u r a l w a t e r m a n a g e m e n t ac t i v i t i e s p a r t i c u l a r l y i r r i g a t i o n a n d dra inage 
p ro j ec t s , d e s p i t e h a v i n g r e c e i v e d large i n v e s t m e n t s a n d subsidies have n o t 
a lways f u l f i l l e d e x p e c t a t i o n s f o r y i e l d increases a n d e f f i c i e n c y o f w a t e r use. 
I m p r o v e d u n d e r s t a n d i n g o f t h e e n v i r o n m e n t a l i m p a c t s has h i g h l i g h t e d t h e 
nega t ive aspects o f s u c h d e v e l o p m e n t . C r i t i c s have b e e n ca l l i ng u p o n 
g o v e r n m e n t s a n d d o n o r s t o r e t h i n k t h e i r i n v e s t m e n t strategies i n i r r i g a t i o n a n d 
dra inage , w h i c h has r e s u l t e d i n a d e c l i n e i n f u n d i n g n e w i r r i g a t i o n a n d dra inage 
p r o j e c t s i n t h e last decade . 
Inadequate maintenance of existing works 
I r r i g a t i o n a n d dra inage p r o j e c t s i n s e m i - a r i d areas are a t r i sk f r o m p o o r 
o p e r a t i o n a n d m a i n t e n a n c e . T h e h i g h s e d i m e n t l o a d i n m o s t r ive rs chokes u p 
t h e i n t a k e w o r k s a n d s i l t i s d e p o s i t e d i n canals a n d reservoi rs r e d u c i n g t h e i r 
c a p a c i t y a n d m a k i n g w a t e r c o n t r o l s t r u c t u r e s i n o p e r a b l e . A s a consequence , 
t h e sys tems o p e r a t e b e l o w capac i ty w i t h u n r e l i a b l e suppl ies w h i c h r e su l t i n 
r e d u c e d c u l t i v a t e d area, y i e l d d e c l i n e , f a r m e r s s h i f t i n g t o l o w e r va lue c rops 
a n d l o w e r l eve l o f i n p u t s t o r e d u c e r isks a n d r e d u c e d l eve l o f i n v e s t m e n t i n 
m a i n t e n a n c e ( I P T R I D 1 9 9 9 ) . A s a resu l t , s m a l l h o l d e r f a rmers a n d some 
g o v e r n m e n t i r r i g a t i o n p r o j e c t s u n d e r g o cycles o f b u i l d - n e g l e c t - r e h a b i l i t a t e -
neg lec t a n d some o f t h e m are u l t i m a t e l y a b a n d o n e d . 
A s t u d y o n t h e e f f ec t o f d i f f e r e n t levels o f m a i n t e n a n c e o n i n c r e m e n t a l 
n e t b e n e f i t s s h o w e d t h a t w i t h sa t i s fac tory m a i n t e n a n c e , t h e r e was a p o s i t i v e 
i n c r e m e n t a l b e n e f i t even u n d e r adverse c o n d i t i o n s such a s d i s c o u n t r a t e 
inc reased t o 12%, c r o p pr ices r e d u c e d b y 2 0 % , m a i n t e n a n c e cost increase b y 
2 0 % a n d r e h a b i l i t a t i o n d e l a y e d b y t w o years ( I P T R I D 1 9 9 9 ) . D e s p i t e s u c h 
e n c o u r a g i n g r e t u r n s o n i n v e s t m e n t s i n sa t i s fac tory s y s t e m m a i n t e n a n c e , s u c h 
i n v e s t m e n t s are n o t b e i n g m a d e t o safeguard t h e e x i s t i n g i n v e s t m e n t s i n o r d e r 
t o sus ta in t h e s y s t e m , i t s o u t p u t s a n d associated l i v e l i h o o d s . I P T R I D ( 1 9 9 9 ) 
argues t h a t t o i m p r o v e ef fec t iveness o f m a i n t e n a n c e , i r r i g a t i o n p lanners , 
managers a n d p o l i c y m a k e r s m u s t recognize t h e i m p a c t o f neg lec t a n d act b y 
p r o v i d i n g a c o n d u c i v e p o l i c y a n d i n s t i t u t i o n a l f r a m e w o r k , p r o v i d i n g i n c e n t i v e s 
a n d i m p r o v i n g o n des ign , p l a n n i n g a n d o p e r a t i o n p r o c e d u r e s . 
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I n c r e a s i n g cost o f w a t e r d e v e l o p m e n t 
T h e cos t o f a g r i c u l t u r a l w a t e r m a n a g e m e n t i n t e r v e n t i o n s , p a r t i c u l a r l y large-
scale i r r i g a t i o n a n d dra inage p ro j ec t s , has i nc reased cons ide rab ly . T h e average 
cos t o f w a t e r s u p p l y has r i s en f r o m U S $ 0 .6 t o 1.4 m - 3 b e t w e e n 1 9 7 5 a n d 
1 9 9 5 ( W o r l d B a n k 1 9 9 6 ) . O l i v a r e s ( 1 9 9 0 ) r e p o r t e d t h a t t h e w e i g h t e d average 
i r r i g a t i o n cos t w e r e U S $ 2 0 0 0 , 2 8 5 0 , 5 6 0 0 , 5 9 0 0 a n d 9 5 0 0 h a 1 i n Z a m b i a , 
Sudan , K e n y a , B o t s w a n a a n d Z i m b a b w e , r e spec t ive ly . I n 1 9 9 2 , t h e average 
i n v e s t m e n t cos t f o r m e d i u m - a n d large-scale i r r i g a t i o n p r o j e c t s i n sub-Saharan 
A f r i c a was e s t i m a t e d a s U S $ 8 3 0 0 h a 1 ( F A O 1 9 9 2 ) . Jones ( 1 9 9 5 ) r e p o r t e d 
t h a t t h e average cos t o f i r r i g a t i o n sys tems i n sub-Saharan A f r i c a increases t o 
U S $ 1 8 , 3 0 0 h a - 1 i f t h e i n d i r e c t costs o f social i n f r a s t r u c t u r e , such a s roads , 
houses, e l e c t r i c i t y g r i d , a n d p u b l i c serv ice f ac i l i t i e s w e r e i n c l u d e d . 
S u c h h i g h costs a n d l o w r e t u r n s o n i n v e s t m e n t s have d i s c o u r a g e d 
g o v e r n m e n t s a n d d o n o r s a s e v i d e n c e d b y da ta o n t r e n d s i n i r r i g a t e d areas i n 
A f r i c a (see F i g u r e 5 ) . H o w e v e r , p r i v a t e i n v e s t m e n t s i n i r r i g a t i o n have 
inc reased , p a r t i c u l a r l y i n areas w h e r e d e v e l o p m e n t costs are l o w a n d t h e r e i s 
g o o d access t o t h e m a r k e t . For e x a m p l e , i n t h e u p p e r E w a s o N g i r o N o r t h r i v e r 
bas in , p r i v a t e i r r i g a t i o n d e v e l o p m e n t ( b o t h s m a l l h o l d e r a n d large scale) has 
inc reased f r o m 2 8 0 h a i n 1 9 8 2 t o 8 9 0 h a i n 2 0 0 0 ( N R M 3 database) . 
Irrigated area of the World, Asia and Sub-Saharan Africa 
Figure 5 . I r r iga t ion d e v e l o p m e n t in t h e W o r l d , Asia a n d Sub-Saharan Afr ica . 
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Alleviating socio-economic constraints 
Increasing population and poverty 
A f r i c a has t h e w o r l d ' s h ighes t p o p u l a t i o n g r o w t h ra te ( 2 . 3 6 % ) , and a l t h o u g h t h i s 
ra te i s e x p e c t e d t o d r o p t h e p o p u l a t i o n i s p r o j e c t e d t o reach 1 ,358 ,120 b y 2 0 2 5 
a n d 1.8 b i l l i o n by 2 0 5 0 . A large percentage o f t h i s p o p u l a t i o n der ives i t s 
l i v e l i h o o d f r o m l a n d a n d w a t e r resources i n s emi -a r id areas a n d t h e peop l e l i v i n g 
i n u p p e r wa te r sheds have a n i n f l u e n c e o n t h e w a t e r ava i lab i l i ty f o r t h e s e m i - a r i d 
i nhab i t an t s a n d those i n t h e a r i d lands d e p e n d o n t h e w a t e r resources genera ted 
i n t h e h u m i d a n d s e m i - a r i d w a t e r s h e d t h a t i s a l l o w e d t o reach t h e m . 
A n a l y s i s o f t h e geograph ic d i s t r i b u t i o n o f t h e p o p u l a t i o n i n A f r i c a 
( U N E P 1 9 9 9 ) s h o w e d t h a t i t i s u n e v e n l y d i s t r i b u t e d w i t h m a j o r p o p u l a t i o n 
c o n c e n t r a t i o n s i n t h e n o r t h e r n coast b e t w e e n Tunis ia a n d M o r o c c o a n d i n t h e 
N i l e D e l t a , a r o u n d L a k e V i c t o r i a , i n E t h i o p i a n h igh l ands a n d i n a n d a r o u n d 
N i g e r i a . S o m e l o c a l i z e d areas i n t h e s e m i - a r i d regions are also e x p e r i e n c i n g 
h i g h p o p u l a t i o n g r o w t h rates p a r t i c u l a r l y w h e r e g o v e r n m e n t po l i c i e s have 
e n c o u r a g e d s e t t l e m e n t i n p r e v i o u s l y u n d e r - u t i l i z e d areas. For e x a m p l e , i n t h e 
u p p e r Ewaso N g i r o s e m i - a r i d areas, t h e h u m a n p o p u l a t i o n increase a t 2 - 8 % 
p e r a n n u m i n d i f f e r e n t pa r t s b e t w e e n 1 9 7 9 a n d 1 9 9 5 a s t h e p o p u l a t i o n 
pressure i n t h e h u m i d a n d s u b - h u m i d areas d r o v e p e o p l e i n t o t h e s e m i - a r i d 
areas ( K a r e k i a 1 9 9 5 ) . 
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Source: FAOSTAT database 
Figure 6 . Afr ica p o p u l a t i o n (actual a n d pro jected) . 
T h e average gross d o m e s t i c p r o d u c t ( G D P ) o f A f r i c a c o u n t r i e s f o r t h e 
year 2 0 0 0 was U S $ 9 5 4 0 ( W o r l d B a n k 2 0 0 1 ) . T h e c o u n t r i e s w i t h t h e h ighes t 
G D P w e r e S o u t h A f r i c a ( U S $ 1 2 5 , 8 8 7 ) , E g y p t ( U S $ 9 8 , 3 3 3 ) , N i g e r i a ( U S $ 
4 1 , 2 4 8 ) , Tunis ia ( U S $ 1 9 , 4 6 3 ) , S u d a n ( U S $ 1 1 , 1 6 9 ) a n d K e n y a ( U S $ 
1 0 , 4 1 0 ) . T h e c o u n t r i e s w i t h t h e l o w e s t G D P w e r e C a p e V e r d e ( U S $ 5 5 6 ) , 
D j i b o u t i ( U S $ 5 5 4 ) , T h e G a m b i a ( U S $ 3 9 6 ) , G u i n e a Bissau ( U S $ 2 2 5 ) a n d 
C o m o r o s ( U S $ 2 0 2 ) . 
G l o b a l p o v e r t y m o n i t o r i n g da ta ( 1 9 8 8 - 1 9 9 8 ) f r o m t h e W o r l d B a n k h e l p 
t o i l l u s t r a t e t h e h i g h p o v e r t y levels i n A f r i c a . T w e l v e c o u n t r i e s h a d m o r e t h a n 
5 0 % o f t h e p o p u l a t i o n l i v i n g b e l o w t h e p o v e r t y l i n e a n d 1 0 c o u n t r i e s h a d m o r e 
t h a t 5 0 % o f t h e p o p u l a t i o n l i v i n g o n less t h a n o n e d o l l a r p e r day (see F i g u r e 7 
a n d F i g u r e 8 ) . T h u s t h e l ives o f m a n y p e o p l e are c h a r a c t e r i z e d b y a " p o v e r t y 
s p i r a l " o f p o o r n u t r i t i o n , p o o r e d u c a t i o n , disease, i n a b i l i t y t o c o m p e t e 
success fu l ly i n t h e w o r k f o r c e a n d h i g h rates o f p o p u l a t i o n increase ( D a y 
1 9 9 8 ) . T h e s e m i - a r i d areas are h o m e t o a large pe rcen tage o f t h e c o n t i n e n t ' s 
p o o r . T h e e c o n o m i e s o f m o s t o f t h e c o u n t r i e s have e x p e r i e n c e d nega t ive 
g r o w t h rates a n d h i g h i n f l a t i o n . A g r i c u l t u r a l p r o d u c e r p r i ce s are d e c l i n i n g 
m a k i n g i t m o r e a n d m o r e d i f f i c u l t t o m a k e a d e c e n t l i v i n g f r o m a g r i c u l t u r e . 
T h e p e r s i s t e n t p o v e r t y t e n d s t o acce le ra te e n v i r o n m e n t a l d e g r a d a t i o n a s 
f a r m e r s a n d pas tora l i s t s have l i m i t e d c a p i t a l t o i n v e s t i n sus ta inable 
a g r i c u l t u r a l d e v e l o p m e n t p rac t i ces . 
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Figure 7. Percentage of peop le living b e l o w pover ty l ine in selected countries. 
Source: World Bank - Global poverty monitoring database 
http://www.worldbank.org/research/povmonitor/ 
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Source: World Bank - Global poverty monitoring database 
http://wvvrw.worldbank.org/research/povrnonitor/ 
Figure 8. Percentage of p e o p l e l iving on < 1 USD per day in selected Afr ican 
count r ies . 
Popula t ion g r o w t h can be a d r i v i n g force fo r disaster or recovery. Those w h o 
l i n k p o p u l a t i o n g r o w t h w i t h disaster t ake t h e v i e w t h a t increases i n p o p u l a t i o n 
dens i ty u l t i m a t e l y lead t o increased p o v e r t y and e n v i r o n m e n t a l degradat ion. T h i s 
i s a t t r i b u t e d t o d i m i n i s h i n g re tu rns t o capi ta l and labor a n d to l and scarcity, 
c u l t i v a t i o n o f marg ina l lands, dec l in ing l and p r o d u c t i v i t y and g r o w i n g f o o d 
demands resu l t ing in f amine . T h i s i s h o w Machakos D i s t r i c t , Kenya, was v i e w e d 
i n t h e 1930s. H o w e v e r , t h e disaster p r e d i c t e d b y M a h e r d i d n o t take place. 
Ins tead, w i t h o u t f u r t h e r e n v i r o n m e n t a l de te r io ra t ion , p r o d u c t i v i t y increased and 
l i v ing standards i m p r o v e d . Popula t ion g r o w t h has been accompan ied by increasing 
p r o d u c t i v i t y and l i v ing standards. H o w has th i s happened? 
P o p u l a t i o n pressure i n t h i s case c e r t a i n l y l e d t o a g r i c u l t u r a l 
i n t e n s i f i c a t i o n . H o w e v e r , i n o t h e r areas, l a n d p r o d u c t i v i t y has d e c l i n e d d u e t o 
e r o s i o n a n d so i l n u t r i e n t d e p l e t i o n . S i m p s o n e t a l ( 1 9 9 6 ) argue t h a t t h e r e has 
b e e n a subs tan t i a l d e c l i n e i n so i l f e r t i l i t y a n d t h a t soi l f e r t i l i t y i m p r o v e m e n t s 
have b e e n s low, u n e v e n a n d h a m p e r e d b y ava i l ab i l i t y o f ino rgan ic f e r t i l i z e r a n d 
c r e d i t , a n d b y t h e p e r c e i v e d c l i m a t i c r i sk . 
High dependency on land and water resources 
M o s t o f t h e i n h a b i t a n t s o f t h e s e m i - a r i d areas o f A f r i c a are d e p e n d e n t o n 
a g r i c u l t u r e ( c r o p a n d l i v e s t o c k p r o d u c t i o n ) . C o n t i n e n t a l l eve l da ta s h o w t h a t 
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t h e d e p e n d e n c y o n a g r i c u l t u r e decreased f r o m 7 8 % t o 5 6 % b e t w e e n 1 9 6 1 a n d 
2 0 0 0 (see F i g u r e 9 ) . I n t h e N i l e Basin , a g r i c u l t u r e c o n t r i b u t e s 1 7 - 5 2 % o f t h e 
G D P a n d e m p l o y s 3 0 - 9 4 % o f t h e l a b o r f o r c e . L i v e s t o c k f o r m a n i n t e g r a l p a r t 
o f a g r i c u l t u r e a n d h u m a n w e l f a r e i n r u r a l areas. M o s t o f t h e a g r i c u l t u r e i s n o t 
c o m m e r c i a l l y o r i e n t e d a n d i s c h a r a c t e r i z e d b y s m a l l l a n d h o l d i n g s , l o w use o f 
i n p u t s a n d l o w c r o p y i e l d s . A g r i c u l t u r a l s u p p o r t services i n c l u d i n g i n p u t 
supply , agro-process ing , a n d m a r k e t i n g are p o o r l y d e v e l o p e d . 
D u e t o t h e l o w p u r c h a s i n g p o w e r o f m o s t s e m i - a r i d i n h a b i t a n t s , a d a p t i n g 
t o a s i t u a t i o n o f inc reas ing w a t e r s ca rc i t y b y inc reas ing re l i ance o n t r a d e i s n o t 
a feas ible o p t i o n . C o n s e q u e n t l y , c o n t i n u e d d e p e n d e n c e o n l a n d a n d w a t e r 
based sources o f l i v e l i h o o d i s g o i n g t o c rea te e n o r m o u s stress o n t h e scarce 
w a t e r resources . 
Source: Ashton, 2000 
Figure 9 . Total a n d agr icu l tura l p o p u l a t i o n d a t a f o r Afr ica . 
Water use conflicts 
T h e s e m i - a r i d a n d a r i d areas o f A f r i c a have va r i ab le a n d e r r a t i c r a i n f a l l 
p a t t e r n s , h i g h e v a p o r a t i o n rates a n d a s t r i k i n g absence o f p e r e n n i a l r i ve r s a n d 
lakes . A s h t o n ( 2 0 0 0 ) h i g h l i g h t e d t h e r e m a r k a b l e c o r r e s p o n d e n c e o f t h e 
d i s t r i b u t i o n p a t t e r n o f p e r e n n i a l r i ve r s a n d lakes, a n d t h o s e areas w h e r e s o m e 
f o r m o f d i s p u t e o r c o n f l i c t has o c c u r r e d o r has b e e n t h r e a t e n e d , e i t h e r o v e r 
t h e a v a i l a b i l i t y o f w a t e r o r o v e r s o m e aspect o f w a t e r s u p p l y (see F igu re 1 0 ) . 
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(Source: Ashton, 2001) 
Figure 1 0 . D is t r ibut ion of large perenn ia l rivers a n d actua l or po ten t ia l areas 
o f w a t e r confl icts. 
Ris ing d e m a n d f o r t h e inc reas ing ly scarce w a t e r resources i s l e ad ing t o 
g r o w i n g conce rns a b o u t f u t u r e access t o w a t e r , p a r t i c u l a r l y w h e r e t w o o r m o r e 
c o u n t r i e s share w a t e r resources . W i t h ove r 6 0 r i v e r basins shared b y t w o o r 
m o r e c o u n t r i e s , access t o w a t e r f r o m any o f these shared r ive rs c o u l d p r o v o k e 
c o n f l i c t , p a r t i c u l a r l y i n t h e N i l e , N i g e r , V o l t a a n d Z a m b e z i basins (Johns 
H o p k i n s 1 9 9 8 ) . T h e t h r e a t i s m o r e real f o r c o u n t r i e s l i k e E g y p t , Bo t swana a n d 
N i g e r w h i c h o b t a i n respec t ive ly , 9 7 % , 9 4 % a n d 6 8 % o f t h e i r t o t a l f resh w a t e r 
f r o m n e i g h b o r i n g states. T h e r e are also a w i d e v a r i e t y o f m o r e l oca l , i n t e r - a n d 
i n t r a - c o m m u n i t y c o n f l i c t s over w a t e r t h a t o c c u r w i t h i n t h e b o u n d a r i e s o f a 
s ingle c o m m u n i t y o r c o u n t r y a s i n t h e case o f t h e Ewaso N g i r o ( G i c h u k i e t a l . 
1 9 9 8 ) a n d t h e Ruaha ( S M U C 2 0 0 1 ) . W a t e r use c o n f l i c t s genera l ly arise w h e r e 
users c o m p e t e t o d e r i v e t h e m a x i m u m poss ible benef i t s f r o m t h e avai lable 
w a t e r resources . T h i s s i t u a t i o n i s a c c e n t u a t e d i n those s i tua t ions w h e r e t h e r e 
i s a n inc reas ing l eve l o f w a t e r p o l l u t i o n a n d w h e r e t h e d o w n s t r e a m users m a y 
b e e c o n o m i c a l l y " p o o r e r " o r p o l i t i c a l l y a n d m i l i t a r i l y " w e a k e r " t h a n t h e i r 
u p s t r e a m ne ighbor s . C o n s e q u e n t l y , c o m p e t i t i o n b e t w e e n u p s t r e a m a n d 
d o w n s t r e a m c o u n t r i e s f o r t h e same w a t e r resource i s c o n s i d e r e d t o pose t h e 
greates t p o t e n t i a l t h r e a t o f c o n f l i c t ove r w a t e r i n A f r i c a ( A s h t o n 2 0 0 0 ) . 
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Crippling effects of periodic droughts 
C l i m a t i c d r o u g h t s o c c u r w h e n r a in fa l l i s b e l o w n o r m a l l y e x p e c t e d a m o u n t s . 
D r o u g h t s o f d i f f e r e n t in tens i t i es have been r e p o r t e d f o r d i f f e r e n t par t s o f s e m i -
a r i d areas. G i c h u k i ( 2 0 0 0 ) r e p o r t e d t h a t i n t h e s e m i - a r i d areas o f M a k u e n i 
D i s t r i c t , K e n y a , t h e p r o b a b i l i t y o f l i g h t , m o d e r a t e a n d severe d r o u g h t s r anged 
f r o m 4 3 - 5 5 % , 3 2 - 4 3 % , a n d 13 -30%, respect ively . T h e c h r o n o l o g y o f d r o u g h t 
ind ices shows t h a t d r o u g h t s c o m e i n runs o f 2-5 seasons. 
S e m i - a r i d regions expe r i ence p e r i o d i c d r o u g h t s w i t h adverse a n d 
s o m e t i m e s c r i p p l i n g f o o d s ecu r i t y i m p a c t s : h i g h r i sk s f o r c r o p fa i lu re , a r e a l i t y 
eve ry 5 t h year, a n d r i s k o f y i e l d r e d u c t i o n s associated w i t h w a t e r cons t ra in t s 
eve ry 2 n d year ( R o c k s t r o m e t a l . 2 0 0 1 ) . T h e i m p a c t o f d r o u g h t i s i l l u s t r a t e d b y 
t h e s o u t h e r n A f r i c a n exper iences h i g h l i g h t e d b e l o w . I n t h e 1 9 9 4 - 9 5 c r o p p i n g 
season i n s o u t h e r n A f r i c a , cereal harvests d e c l i n e d b y 3 5 % c o m p a r e d t o t h e 
p r e v i o u s year. T h e ma ize harvest f e l l b y 4 2 % d u e t o d r o u g h t ( S A D C 1 9 9 5 ) . 
D r o u g h t was equa l ly devas ta t ing d u r i n g t h e 1 9 9 1 - 9 2 c r o p p i n g season i n t h e 
S A D C reg ion , w h e r e cereal p r o d u c t i o n was near ly ha lved , w i t h m o r e t h a n 2 0 
m i l l i o n o u t o f 8 5 m i l l i o n peop l e a f f ec t ed b y f o o d shortages ( U N E P 2 0 0 0 c ) . 
A g r i c u l t u r a l d r o u g h t s o c c u r w h e n w a t e r s u p p l y i s i n s u f f i c i e n t t o c o v e r 
c r o p o r l i v e s t o c k w a t e r r e q u i r e m e n t s a n d i s i n f l u e n c e d b y w e a t h e r f ac to r s , 
i n v e s t m e n t s i n w a t e r c o n s e r v a t i o n a n d w a t e r m a n a g e m e n t s t ra tegies a d o p t e d 
t o c o p e w i t h d r o u g h t c o n d i t i o n s . A series o f d r o u g h t s resu l t s i n severe 
h a r d s h i p , loss o f p l a n t i n g m a t e r i a l , d e s i c c a t i o n o f t h e l a n d , loss o f an ima l s , a n d 
a h i g h d e p e n d e n c y o n e x t e r n a l assistance ( f o o d a id , r e m i t t a n c e f r o m re la t ives 
e t c . ) . T h e p o o r are t h e m o s t d i s advan taged b y d r o u g h t a n d i t s associa ted w a t e r 
shor tages a s t h e y (a) pay v e r y h i g h p r ices p e r u n i t v o l u m e o f w a t e r , ( b ) e x p e n d 
m o r e ca lor ies c a r r y i n g w a t e r f o r l o n g dis tances , (c) su f fe r m o r e i n i m p a i r e d 
h e a l t h f r o m c o n t a m i n a t e d o r i n s u f f i c i e n t w a t e r , a n d ( d ) lose m o r e i n 
d i m i n i s h e d l i v e l i h o o d s a n d , i n e x t r e m e cases, loss o f l i f e . O n a s m a l l scale, t h e 
f l o u r i s h i n g d r y season vege tab le g a r d e n i n g a r o u n d s m a l l e a r t h d a m s i n s e m i -
a r i d areas o f n o r t h e r n G h a n a i s a n i n d i c a t i o n o f t h e c o n t r i b u t i o n o f 
d e v e l o p m e n t o f surface w a t e r i n c r o p p r o d u c t i o n a n d f o o d s e c u r i t y f o r t h e 
p o o r a n d d i s advan taged ( S i p k e n s a n d N a b i l a 1 9 8 9 ) . 
Securing food for the growing number of poor people 
S t u d i e s o n p o p u l a t i o n g r o w t h , f o o d r e q u i r e m e n t s a n d f o o d p r o d u c t i o n r e p o r t 
t h e i n c i d e n c e o f c h r o n i c u n d e r - n u t r i t i o n i n d e v e l o p i n g c o u n t r i e s decreased 
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f r o m 9 4 1 m i l l i o n i n 1 9 6 9 t o 6 3 7 m i l l i o n i n 1 9 8 8 b u t i n sub-Saharan A f r i c a , i t 
rose f r o m 9 4 m i l l i o n t o 175 m i l l i o n d u r i n g t h e same p e r i o d ( I F P R I 1 9 9 5 ) . 
T h e y e s t i m a t e d t h a t b y 2 0 1 0 , t h e inc idences i n d e v e l o p i n g c o u n t r i e s w i l l have 
d r o p p e d t o 6 3 7 m i l l i o n p e o p l e w h i l e i n A f r i c a , t h e n u m b e r i s e x p e c t e d t o r ise 
t o 2 9 6 m i l l i o n . T h e p o p u l a t i o n i s p o o r l y d i s t r i b u t e d c r e a t i n g h i g h pressures i n 
s e m i - a r i d areas w i t h less f avorab le r a i n f a l l , t e m p e r a t u r e a n d soils f o r c r o p 
p r o d u c t i o n . I n A f r i c a , t h e pe rcen tage o f f o o d insecure p e o p l e has f l u c t u a t e d 
b e t w e e n 3 7 % a n d 3 5 % b e t w e e n 1 9 6 7 a n d 1 9 9 0 b u t i s e x p e c t e d t o d r o p t o 
3 2 % b y 2 0 1 0 ( I F P R I 1 9 9 5 ; F A O S T A T database 2 0 0 2 ) . T h i s h i g h l e v e l o f f o o d 
i n s e c u r i t y i s associa ted w i t h t h e h i g h levels o f p o v e r t y . 
T h e t w i n p r o b l e m s o f p o v e r t y a n d f o o d i n s e c u r i t y can b e t a c k l e d b y 
i n t e n s i f y i n g a g r i c u l t u r a l p r o d u c t i o n , b y i n d u s t r i a l i z a t i o n a n d b y r e d u c i n g 
p o p u l a t i o n g r o w t h . T h e r e i s a n u r g e n t n e e d t o p r o v i d e p o l i c y m a k e r s w i t h 
c r e d i b l e da ta o n t h e e x t e n t t o w h i c h these strategies can c o n t r i b u t e t o 
a l l e v i a t i n g p o v e r t y a n d enhance f o o d secur i ty . I n t h e foreseeable f u t u r e 
a g r i c u l t u r e w i l l c o n t i n u e t o b e t h e b a c k b o n e o f m o s t n a t i o n a l e c o n o m i e s . 
C o n s e q u e n t l y , f r o m a n a g r i c u l t u r a l pe r spec t i ve , t h e d e v e l o p m e n t cha l lenge 
b e c o m e s , h o w w i l l a g r i c u l t u r a l p r o d u c t i o n ( b r o a d l y d e f i n e d t o i n c l u d e c r o p 
( f o o d a n d n o n - f o o d ) , t rees , l i v e s t o c k , a n d f isher ies) b e inc reased t o enhance 
f o o d s e c u r i t y a n d a l lev ia te p o v e r t y i n a susta inable m a n n e r ? A c h i e v i n g these 
increases w i l l r e q u i r e , a m o n g o t h e r th ings , huge i n v e s t m e n t s i n l a n d a n d w a t e r 
d e v e l o p m e n t a n d associated r u r a l i n f r a s t r u c t u r e . A cha l lenge associated w i t h 
t h i s is: " W h e r e s h o u l d t h e i n v e s t m e n t s b e m a d e - i n s e m i - a r i d o r h u m i d 
regions? I n inc reas ing p r o d u c t i v i t y o f e x i s t i n g r a i n f e d a n d i r r i g a t e d a g r i c u l t u r e 
o r i n e x p a n d i n g r a i n f e d a n d i r r i g a t e d ag r i cu l t u r e?" 
Overcoming policy and institutional constraints 
Techno log ies f o r i m p r o v i n g w a t e r use e f f i c i e n c y exis ts a n d y e t o n l y 1 5 - 3 0 % o f 
t h e r a i n w a t e r i s p r o d u c t i v e l y u sed ( p r o d u c t i v e g reen w a t e r f l o w a s 
t r a n s p i r a t i o n ) ( R o c k s t r o m e t a l . 2 0 0 1 ) a n d average i r r i g a t i o n sys tems 
e f f i c i enc ies are i n t h e range o f 3 0 - 5 0 % . I n some cases, these levels o f w a t e r use 
e f f i c i e n c y are accep tab le , f o r e x a m p l e , w h e r e s o m e o f t h e g r een w a t e r l o s t 
f r o m t h e c r o p p i n g s y s t e m i s r e c a p t u r e d a n d t r a n s f o r m e d i n t o b l u e w a t e r a n d 
w h e r e t h e i r r i g a t i o n w a t e r loss i s r e c y c l e d d o w n t h e s y s t e m ( K e l l e r e t a l . 
1 9 9 6 ) . C o n s e q u e n t l y , i t can b e a r g u e d t h a t w a t e r p r o b l e m s i n A f r i c a are a c t u a l 
w a t e r m a n a g e m e n t a n d governance p r o b l e m s a n d hence t h e n e e d t o l o o k a t 
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t h e i n s t i t u t i o n a l aspects o f w a t e r resources m a n a g e m e n t . I n s t i t u t i o n a l a n d 
p o l i c y f r a m e w o r k s have n o t a d e q u a t e l y p r o m o t e d w i s e use a n d m a n a g e m e n t 
o f t h e scarce w a t e r r e source . 
Policy constraints 
M a n a g e m e n t o f w a t e r resources t o c o p e w i t h sca rc i ty i s h e a v i l y i n f l u e n c e d b y 
m a c r o - e c o n o m i c po l i c i e s a n d sec to ra l po l i c i e s t h a t have a s t ra teg ic i m p a c t o n 
w a t e r d e m a n d , a l l o c a t i o n , use a n d p r o d u c t i v i t y . Pol ic ies t e n d t o increase o r 
r e d u c e r e v e n u e o f p r o d u c e r s a n d / o r s e c u r i t y o f l a n d a n d w a t e r use. For 
e x a m p l e , p o l i c i e s t h a t f avor cheap f o o d i m p o r t s can have b o t h p o s i t i v e a n d 
nega t ive e f fec t s d e p e n d i n g o n t h e c i r c u m s t a n c e s . For c o u n t r i e s w i t h 
a l t e r n a t i v e a n d secure sources o f l i v e l i h o o d ( n o n - a g r i c u l t u r a l ) , cheape r 
i m p o r t e d f o o d can r e d u c e t h e n e e d t o p r o d u c e loca l ly , t h e r e b y r e d u c i n g t h e 
c o m p e t i t i o n f o r scarce w a t e r resources . H o w e v e r , cheape r f o o d depresses 
l o c a l p r i ce s a n d r educes t h e p r o f i t a b i l i t y o f l o c a l a g r i c u l t u r a l v e n t u r e s , w h i c h 
leads t o i n s u f f i c i e n t i n c e n t i v e s f o r e f f i c i e n t a n d sus ta inable f a r m i n g p rac t i ce s 
l e a d i n g t o l a n d , w a t e r a n d v e g e t a t i o n resource d e g r a d a t i o n . 
I n a p p r o p r i a t e p o l i c i e s have b e e n b l a m e d f o r n o t s e n d i n g t h e r i g h t signals 
t o t h e p r i v a t e sec to r t o i nves t i n w a t e r d e v e l o p m e n t i n s e m i - a r i d areas, t o 
w a t e r users t o a d o p t w a t e r - s a v i n g t e c h n o l o g i e s , t o w a t e r p o l l u t e r s t o r e d u c e 
p o l l u t i o n levels , t o researchers t o genera te a n d d i s s e m i n a t e da ta a n d 
i n f o r m a t i o n a n d d e v e l o p a p p r o p r i a t e t echnolog ies , t o g o v e r n m e n t d e p a r t m e n t s 
t o p r o v i d e t h e i r s u p p o r t i v e r o l e o f r e g u l a t i o n a n d t o t h e d o n o r s t o s u p p o r t 
s e m i - a r i d d e v e l o p m e n t i n i t i a t i v e s . I n t h e past , g o v e r n m e n t p o l i c i e s have 
gene ra l l y e m p h a s i z e d e x p l o i t a t i o n f o r d e v e l o p m e n t a t t h e expense o f 
c o n s e r v a t i o n a n d sus t a inab i l i t y . P o l i c y changes t a k i n g p lace are address ing 
s o m e o f these s h o r t c o m i n g s . 
Institutional constraints 
Lack of coordination and cooperation: D u t i e s a n d r e s p o n s i b i l i t i e s p e r t a i n i n g to 
w a t e r m a n a g e m e n t are sha red b y a n u m b e r o f agencies r e spons ib le f o r 
d i f f e r e n t aspects o f w a t e r resources m a n a g e m e n t . C o n s e q u e n t l y , f i sher ies 
issues, a g r i c u l t u r a l issues, i n d u s t r i a l w a s t e issues, a n d d r i n k i n g w a t e r issues are 
addressed separa te ly a n d w i t h o u t adequa t e c o o r d i n a t i o n . T h i s i s f u r t h e r 
c o m p l i c a t e d b y t h e fac t t h a t m u l t i p l e users w i t h i n t h e coun t r i e s a n d a m o n g 
na t ions share w a t e r resources. S c h o n e b o o m ( 1 9 9 8 ) a rgued , " i f c o o r d i n a t i o n 
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w i t h i n a c o u n t r y i s d i f f i c u l t , t h e task i s al l t h e m o r e d a u n t i n g across p o l i t i c a l 
boundar ies . " U n d e r l y i n g t h e above p r o b l e m s are d e e p - r o o t e d causes r e l a t i ng to 
inadequa te m a n a g e m e n t capacit ies a n d f inanc ia l mechan i sms t o r ehab i l i t a t e , 
m a i n t a i n a n d opera te t h e w a t e r fac i l i t ies a n d inadequate c o o p e r a t i o n d u e t o 
sectora l a d m i n i s t r a t i o n a n d m a n a g e m e n t pract ices ( U N E P 2 0 0 0 b ) . 
Ineffective legal framework: In m o s t cases, l aws are l i m i t e d in scope, r eac t ive 
r a t h e r t h a n a n t i c i p a t o r y , p o o r l y i m p l e m e n t e d a n d e n f o r c e d , a n d 
u n c o o r d i n a t e d . C o n s e q u e n t l y , t h e legal s y s t e m has n o t adequa te ly p r o t e c t e d 
t h e w a t e r r i g h t s 5 o f t h e p o o r a n d t h e d i sadvan taged s e m i - a r i d c o m m u n i t i e s 
l e a d i n g t o o v e r - a b s t r a c t i o n a n d / o r p o l l u t i o n o f w a t e r b y u p s t r e a m users. 
W a t e r governance i s in m o s t cases inadequate . T h i s i s m a i n l y a t t r i b u t e d to 
(a) sectoral approaches w h i c h lead to t h e f r agmen ted and u n c o o r d i n a t e d 
d e v e l o p m e n t a n d managemen t o f t h e resources; (b) t o p - d o w n approaches whose 
l eg i t imacy and effectiveness is increasingly be ing challenged; (c) inef f ic ien t 
governance; a n d (d ) increased c o m p e t i t i o n fo r t h e scarce w a t e r resources. 
Opportuni t ies for d e m a n d and supply 
m a n a g e m e n t 
Developing additional water supplies 
T h e p r i m a r y sources o f w a t e r i n t h e s e m i - a r i d areas are loca l r a i n f a l l , r i v e r 
i n f l o w s f r o m t h e u p p e r m o r e h u m i d w a t e r s h e d s a n d g r o u n d w a t e r . F r o m a 
w a t e r use pe r spec t i ve , a d d i t i o n a l w a t e r s u p p l y can b e secured t h r o u g h reuse 
( secondary sources) . T h e q u a l i t y o f reuse w a t e r i s genera l ly l o w e r because 
w a t e r p i c k s u p p o l l u t a n t s a s i t f l o w s o r i s u sed a n d because o f t h e 
c o n c e n t r a t i o n o f p o l l u t a n t s associated w i t h decreas ing q u a n t i t y a s w a t e r i s l o s t 
t h r o u g h c o n s u m p t i v e use. T h u s , a s w a t e r i s p rogress ive ly r e c y c l e d t h e a m o u n t 
a n d c o n c e n t r a t i o n o f p o l l u t a n t s i n t h e w a t e r increase subs tan t ia l ly . 
Rainwater harvesting 
C o n s i d e r i n g t h a t a s m u c h as 10 -25% of t h e ra infa l l in semi-ar id areas runs o f f 
t he r e i s a p o t e n t i a l fo r increasing rain w a t e r supplies by cap tu r ing t h e w a t e r a n d 
s to r ing i t i n t h e soil o r i n a f a r m p o n d o r d a m fo r later use ( R o c k s t r o m e t al . 2 0 0 1 ) . 
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5. Water rights range 
local-community : 
international level, 
f rom the most 
level, 
or a 
to public 
exclusive forms of individual ownership, to 
regulation at the national or state level, 
combination of these. 
communal rights 
to agreements 
at 
at 
the 
the 
W a t e r s to red i n soi l o r i n a d a m can e x t e n d t h e c r o p - g r o w i n g season by 2 0 - 4 0 days 
in semi -a r id areas w h e r e t h e g r o w i n g season i s ve ry shor t . S u c h increases in supp ly 
can also be used to m i t i g a t e mid-season d r o u g h t spells by p r o v i d i n g w a t e r fo r 
s u p p l e m e n t a l i r r i g a t i o n (Baron e t a l . 1 9 9 9 ) . O p p o r t u n i t i e s o f f e r e d by storage have 
n o t been seized b y m o s t fa rmers i n t h e semi -a r id areas d u e t o t h e h i g h levels o f 
evapora t ion a n d seepage losses a n d t h e h i g h cost o f cons t ruc t i ng dams . 
Groundwater development 
G r o u n d w a t e r can serve as a b u f f e r against seasonal s h o r t f a l l in r a i n f a l l . In areas 
w i t h s h a l l o w g r o u n d w a t e r resources s u c h a s t h e f r inges o f w e t l a n d s i n s e m i -
a r i d areas t h i s r e source can s u p p o r t i r r i g a t e d a g r i c u l t u r e i n t h e f r inges o f t h e 
w e t l a n d s . I n pa r t s o f N i g e r i a , N i g e r a n d Senegal t h e p o t e n t i a l o f e x p l o i t i n g 
s h a l l o w g r o u n d w a t e r aqu i fe r s i n s e m i - a r i d areas has b e e n d e m o n s t r a t e d . T h e 
N a t i o n a l Fadama D e v e l o p m e n t P r o j e c t o f t h e N i g e r i a n G o v e r n m e n t t a rge t s t o 
i r r i g a t e 1 0 0 , 0 0 0 h a b y t a p p i n g s h a l l o w g r o u n d w a t e r resources u s i n g 5 0 , 0 0 0 
t u b e w e l l s ( W F S 1 9 9 6 ) . D o u g n a c ( 1 9 9 9 ) r e p o r t e d t h a t t h e g r o u n d w a t e r i n 
dambos ( s w a m p s a n d marshes ) i n s o u t h e r n A f r i c a n c o u l d b e a n a f f o r d a b l e 
source o f g r o u n d w a t e r . H e r e p o r t e d a t w o t o t e n - f o l d increase i n c r o p y i e l d 
w i t h a p p r o p r i a t e so i l , w a t e r a n d c r o p m a n a g e m e n t a n d n o t e d t h a t t h e h i g h 
p r o f i t a b i l i t y o f f i s h i n g i s t h e m a i n reason w h y t h e i r c r o p p r o d u c t i o n p o t e n t i a l 
has n o t b e e n f u l l y u t i l i z e d a n d are m a i n l y u s e d f o r d r y season graz ing . S i m i l a r 
obse rva t ions have b e e n m a d e f o r t h e s w a m p s w i t h i n 2 0 k m o f t h e K e n y a n 
shore o f L a k e V i c t o r i a . E n v i r o n m e n t a l i s t s have also c a u t i o n e d against 
u t i l i z a t i o n o f these g r o u n d w a t e r resources f o r fear t h a t t h e e n v i r o n m e n t a l 
f u n c t i o n s o f s u c h w e t l a n d s m a y b e t h r e a t e n e d . G r o u n d w a t e r resources 
e x p l o i t a t i o n f o r l i v e s t o c k w a t e r i n g has b e e n d e m o n s t r a t e d t o increase 
l i v e s t o c k p r o d u c t i o n a n d m i n i m i z e d e g r a d a t i o n o f g raz ing resources b y 
c o n t r o l l i n g graz ing pressure b y p r o v i d i n g l i v e s t o c k w a t e r t o areas w h e r e 
g raz ing resources are a b u n d a n t . 
Major surface water development works 
R e g u l a t i o n o f surface w a t e r i n t h e s e m i - a r i d areas o f A f r i c a t h r o u g h t h e use o f 
m e d i u m - a n d large-scale d a m s has n o t t a k e n p lace p a r t i a l l y d u e t o t h e p o o r 
p e r f o r m a n c e o f w a t e r d e v e l o p m e n t p r o j e c t s i n A f r i c a . I n A f r i c a o n l y a b o u t 3 % 
o f c r o p l a n d i s i r r i g a t e d a n d t h e r e has b e e n a neg l ig ib l e r e d u c t i o n i n p o v e r t y i n 
t h e 1990s ( sub-Saharan A f r i c a h a d a n e s t i m a t e d p o v e r t y h e a d c o u n t o f 4 7 . 7 % 
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i n 1 9 9 0 a n d 4 6 . 3 % i n 1 9 9 8 ( W o r l d B a n k 2 0 0 0 ) . A f r i c a has lagged b e h i n d i n t h e 
d e v e l o p m e n t o f w a t e r s u p p l y a n d i r r i g a t i o n ( F i g u r e 5 ) ; a spec ia l case can b e 
m a d e f o r c r e a t i n g a c o n d u c i v e e n v i r o n m e n t f o r r e - i n v e s t i n g i n m a j o r surface 
w a t e r d e v e l o p m e n t p ro j ec t s . 
Conjunctive use of rainfall, surface and groundwater sources 
C o n j u n c t i v e uses o f r a i n f a l l , surface a n d g r o u n d w a t e r sources can l e a d t o 
inc reased w a t e r p r o d u c t i v i t y d u e t o r e d u c e d r i s k associa ted w i t h w a t e r 
a v a i l a b i l i t y a t t h e b e g i n n i n g a n d e n d o f t h e r a i n y season a n d mid - sea son d r y 
spel ls . T h i s i s i l l u s t r a t e d b e l o w f o r a f a r m e r w i t h a s h a l l o w w e l l a n d a s m a l l 
d a m . T h e f a r m e r u t i l i z e s t h e g r o u n d w a t e r t o ge t t h e c r o p s t a r t e d b e f o r e t h e 
onse t o f t h e ra ins a n d w h e n t h e d a m i s e m p t y . D u r i n g t h i s p e r i o d w a t e r 
r e q u i r e m e n t s are l o w a n d hence even sha l l ow w e l l s w i t h l o w w a t e r y i e l d 
p r o v i d e t h e r e d u c e d a m o u n t o f w a t e r . W h e n t h e rains s tar t , t h e y m e e t t h e f u l l 
c r o p w a t e r r e q u i r e m e n t s a n d also r e f i l l t h e s m a l l d a m . T h e w a t e r s t o r e d i n t h e 
d a m i s u s e d f o r s u p p l e m e n t a l i r r i g a t i o n i f a mid-season d r y spe l l h i t s o r t o 
e x t e n d t h e l e n g t h o f t h e c r o p p r o d u c t i o n p e r i o d past t h e cessa t ion o f t h e ra ins 
a n d d e p l e t i o n o f so i l w a t e r . 
Marginal sources of water 
W a t e r stress i n t h e s e m i - a r i d areas i s e x p e c t e d t o i n t e n s i f y a s u p s t r e a m w a t e r 
uses increase. U n d e r such w a t e r stress, m a r g i n a l w a t e r s i n t h e g r o u n d w a t e r 
sys tems s u c h as b r a c k i s h g r o u n d w a t e r a n d in su r face -wa te r sys tems s u c h as 
w a s t e w a t e r a n d i r r i g a t i o n r e t u r n f l o w are b e i n g c o n s i d e r e d a s m a j o r 
c o m p l e m e n t a r y sources o f w a t e r . U r b a n areas rece ive h i g h q u a l i t y w a t e r a n d 
d i scharge l o w q u a l i t y w a s t e w a t e r . T h e p o t e n t i a l f o r reuse o f u r b a n w a s t e has 
b e e n d e m o n s t r a t e d . H i d e e t a l . ( 2 0 0 1 ) r e p o r t e d t h a t c o n t r o l l e d reuse o f 
e f f l u e n t f r o m sewage w o r k s f o r i r r i g a t i o n can b e u n d e r t a k e n w i t h m i n i m a l 
r i sks t o t h e w o r k e r s a n d t h e c o n s u m e r s o f t h e i r r i g a t e d p r o d u c e . 
R e d u c i n g s t o r a g e , t r a n s m i s s i o n a n d a p p l i c a t i o n 
losses 
M o s t w a t e r storage, conveyance a n d d i s t r i b u t i o n fac i l i t ies i n s e m i - a r i d areas are 
p o o r l y c o n s t r u c t e d , o p e r a t e d a n d m a i n t a i n e d ( G i c h u k i e t a l . 1 9 9 8 ) . 
C o n s e q u e n t l y , seepage, e v a p o r a t i o n a n d o p e r a t i o n losses are h i g h . W a t e r 
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s u p p l y a t t h e p o i n t o f use can b e increase b y r e d u c i n g these losses, p a r t i c u l a r l y 
i f t h e y are n o t b e i n g r e u s e d b y o t h e r users. Fo r e x a m p l e a r e se rvo i r i n a s e m i -
a r i d area m a y lose a s m u c h as 0 . 4 - 0 . 7 m o f s t o r e d w a t e r o v e r a p e r i o d o f 1 0 0 
days t h r o u g h e v a p o r a t i o n a n d an a d d i t i o n a l 0 . 2 - 0 . 4 m t h r o u g h seepage losses. 
C h e a p e r o p t i o n s o f r e d u c i n g seepage a n d e v a p o r a t i o n losses ex i s t b u t are n o t 
w i d e l y u s e d . 
Reducing water resource degradation 
W a t e r resources d e g r a d a t i o n t h r o u g h i n a p p r o p r i a t e l a n d use a n d m a n a g e m e n t 
a n d d i sposa l o f u r b a n a n d i n d u s t r i a l was t e i s a m a j o r c o n t r i b u t o r t o decreas ing 
t h e a m o u n t o f avai lable f r e s h w a t e r resources . L a n d a n d w a t e r m a n a g e m e n t 
approaches a n d t e c h n o l o g i e s t h a t m i n i m i z e w a t e r r e source d e g r a d a t i o n ex is t s 
b u t are n o t w i d e l y a d o p t e d . 
Improving productivity per unit water 
I n s e m i - a r i d areas s e c u r i t y a n d s t a b i l i t y o f f o o d supp l i e s i s c lose ly l i n k e d t o t h e 
success i n w a t e r c o n t r o l . F a r m e r s w i t h e f f i c i e n t w a t e r h a r v e s t i n g a n d i r r i g a t i o n 
sys tems a t t a i n h i g h e r y i e l d s t h a n t hose so le ly d e p e n d e n t o n i n s i t u r a i n f a l l . 
M a i n t a i n i n g f avo rab l e so i l m o i s t u r e c o n d i t i o n s i n t h e r o o t l e v e l a l l o w s f o r t h e 
m a x i m i z a t i o n a n d s t a b i l i z a t i o n o f p r o d u c t i o n b y e n s u r i n g t h a t f l u c t u a t i o n s i n 
t h e r a i n f a l l r e g i m e d o n o t r e s u l t i n stress t o t h e c r o p . Increases i n c r o p 
p r o d u c t i v i t y p e r u n i t v o l u m e o f w a t e r can b e a c h i e v e d b y inc reas ing so i l 
m o i s t u r e a v a i l a b i l i t y t o t h e p l a n t a n d b y inc reas ing t h e p r o p o r t i o n o f w a t e r 
u s e d b y c r o p t r a n s p i r a t i o n r e l a t i v e t o o t h e r p a t h w a y s . I nc rea s ing so i l m o i s t u r e 
a v a i l a b i l i t y can b e a c h i e v e d t h r o u g h a c o m b i n a t i o n o f r a i n w a t e r ha rves t ing , 
i r r i g a t i o n , t i l l age p rac t i ce s t h a t increase i n f i l t r a t i o n , m u l t i p l e c r o p p i n g w i t h a 
c o m b i n a t i o n o f s h a l l o w a n d d e e p r o o t i n g c rops , a n d a p p l i c a t i o n o f f e r t i l i z e r s t o 
f a c i l i t a t e m o r e v i g o r o u s r o o t d e v e l o p m e n t n e e d e d t o access so i l w a t e r . 
I nc r ea s ing c r o p t r a n s p i r a t i o n r e l a t i v e t o o t h e r losses c an b e a c h i e v e d t h r o u g h 
m u l c h i n g , m o d i f y i n g spac ing a n d p l a n t p o p u l a t i o n , a p p l i c a t i o n o f f e r t i l i z e r , 
a n d w e e d , pes t a n d disease c o n t r o l . 
R o c k s t r o m ( 2 0 0 1 ) argues t h a t g r a in y i e l d i n s e m i - a r i d areas o f A f r i c a can 
be inc reased f r o m t h e c u r r e n t l y levels of 0 . 5 - 1 t ha - 1 to 5 t ha - 1 by inc reas ing 
t h e a m o u n t o f g r e e n w a t e r t h a t i s u s e d f o r t r a n s p i r a t i o n . H e p o i n t s o u t t h a t 
t h e largest i m p r o v e m e n t i n y i e l d a n d w a t e r use e f f i c i e n c y i s a c h i e v e d b y a 
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c o m b i n a t i o n o f s u p p l e m e n t a l i r r i g a t i o n a n d f e r t i l i z e r a p p l i c a t i o n (see 
F igu re 1 1 ) . O n k e n a n d W e n d t ( 1 9 8 9 ) i n v e s t i g a t e d t h e r e l a t i o n s h i p b e t w e e n 
so i l f e r t i l i t y a n d w a t e r use e f f i c i e n c y f o r d i f f e r e n t s o r g h u m var ie t i es a n d o n t h e 
i m p o r t a n c e o f se l ec t ing t h e p r o p e r v a r i e t y f o r f e r t i l i z e r response, c o r r e c t i n g 
n u t r i e n t de f i c i enc ies a n d c o m b i n i n g var ious o t h e r c u l t u r a l p rac t i ces h a v i n g a 
p o s i t i v e e f f e c t o n y i e l d . T h e y c o n c l u d e d t h a t w a t e r - c o n s e r v i n g p rac t i ces t h a t 
increase s o i l m o i s t u r e a v a i l a b i l i t y can b e e c o n o m i c a l l y feasible o n l y w h e n 
n u t r i e n t de f i c i enc ies are c o r r e c t e d . 
S o i l surface m a n a g e m e n t t h r o u g h t i l l age can also l ead t o a n increase i n 
w a t e r use e f f i c i ency . C o n s e r v a t i o n t i l l age a m o n g s m a l l h o l d e r f a r m e r s i n s e m i -
a r i d B a b a t i D i s t r i c t , Tanzania, has r e s u l t e d in w a t e r use e f f i c i e n c y 1.5 kg mm -
1
 p e r h a i n t h e m i d -1980s u n d e r c o n v e n t i o n a l d i s c - p l o w a g r i c u l t u r e , c o m p a r e d 
w i t h 2-4 k g m m " 1 p e r ha, d u r i n g t h e 1990s af ter i n t r o d u c t i o n o f c o n s e r v a t i o n 
t i l l age us ing m e c h a n i z e d sub-so i l ing a n d r i p p e r s ( R o c k s t r o m a n d Jonsson 
1 9 9 9 ) . K i l e w e a n d U l s a k e r ( 1 9 8 4 ) i nves t i ga t ed t h e e f f ec t o f t i l l age m e t h o d s 
o n m a i z e g ra in y i e l d a n d w a t e r use e f f i c i ency o n A l f i s o l s a t M a c h a k o s , K e n y a . 
C o n v e n t i o n a l f u r r o w s , w i d e f u r r o w s a n d m i n i - b e n c h t i l l age m e t h o d s h a d n o 
r u n o f f loss a n d d u r i n g t h e s h o r t rains h a d favorab le so i l m o i s t u r e r e g i m e a n d 
b e t t e r y i e l d . C r o p res idue m u l c h p r o t e c t s so i l s t r u c t u r e , r educes t h e a c t i o n o f 
r a i n d r o p s on so i l aggregates, reduces e v a p o r a t i o n , 6 r u n o f f a n d so i l loss, 
t h e r e b y i m p r o v i n g t h e so i l w a t e r r e g i m e a n d l ead ing t o c r o p y i e l d increases. 
T h e y i e l d advantage o f m u l c h i n g f o r t h e s e m i - a r i d areas o f t h e Ewaso N g i r o 
N o r t h R ive r Basin i s i l l u s t r a t e d i n F igure 12 . 
I r r i g a t i o n p r o j e c t w a t e r losses can b e r e d u c e d t h r o u g h t h e use o f m o r e 
e f f i c i e n t w a t e r a p p l i c a t i o n t echno log ie s such a s d r i p i r r i g a t i o n a n d t h r o u g h 
b e t t e r i r r i g a t i o n s c h e d u l i n g . S tud ies o n d e f i c i t i r r i g a t i o n 7 have s h o w n t h a t b y 
t a r g e t i n g t h e c r i t i c a l c r o p g r o w t h pe r iods a n d a p p l y i n g t h e less t h a n t h e 
o p t i m a l l e v e l o f w a t e r p r o d u c t i v i t y can b e increased ( O w e i s a n d H a c h u m 
2 0 0 1 ) . 
A l i m i t e d i r r i g a t i o n d r y l a n d ( L I D ) f a r m i n g s y s t e m was d e v e l o p e d t o 
m a x i m i z e t h e c o n j u n c t i v e use o f r a in f a l l a n d i r r i g a t i o n w a t e r ( S t e w a r t e t a l . 
6. 
7. 
Crop residue mulch conserves water by (a) absorbing less solar radiation; (b) acting as a thermal 
insulator and restricting the flow of heat from the atmosphere to the soil; and (c) creating a zone of 
limited air movement above the soil surface thereby reducing the transfer of vapor from the soil to the 
atmosphere. 
An optimising strategy under which crops are deliberately allowed to sustain some degree of water 
deficit and yield reduction. 
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(Source: Rockstrom et ai. 2001) 
Figure 1 1 . System w a t e r use ef f ic iency (kg gra in per un i t ra infal l + 
s u p p l e m e n t a l i r r igat ion) f o r s o r g h u m in Burkina Faso (5a) a n d fo r m a i z e in 
Kenya ( 5 b ) . Cont ro l = t r a d i t i o n a l f a r m e r s ' pract ice w i t h no fer t i l izer appl ica-
t i o n , WH = s u p p l e m e n t a l i r r iga t ion using w a t e r harvest ing , FERT = fert i l izer 
app l ica t ion ( 3 0 kg ha - 1 N in Burkina Faso, a n d t w o levels in Kenya w i t h L o w 
- 30 kg N ha" 1 a n d H igh - 80 kg N h a - 1 ) . 
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1 9 8 3 ) . T h e L I D sys t em consists o f t h r e e w a t e r m a n a g e m e n t zones w i t h i n t h e 
g r a d e d f u r r o w i r r i g a t i o n f i e l d , name ly : f u l l y i r r i g a t e d zone; zone i r r i g a t e d w i t h 
r u n o f f f r o m t h e f u l l y i r r i g a t e d zone; a n d t h e d r y f a r m i n g zone . T h e f u l l y 
i r r i g a t e d zone consists o f a l t e rna te f u r r o w s i n t h e u p p e r h a l f o f t h e f i e l d . T h e 
zone i r r i g a t e d w i t h t a i l w a t e r r u n o f f consis t o f t h e a l t e r n a t i v e f u r r o w s i n t h e 
n e x t q u a r t e r t h a t receives r u n o f f f r o m t h e f u l l y i r r i g a t e d s e c t i o n w h e r e a s t h e 
d r y f a r m i n g zone consis ts o f t h e l o w e r q u a r t e r o f t h e i r r i g a t e d f u r r o w s a n d t h e 
n o n - i r r i g a t e d f u r r o w s . F u r r o w d a m s are c o n s t r u c t e d every 4 m on sec t ions o f 
t h e f u r r o w s t h a t d o n o t rece ive i r r i g a t i o n w a t e r t o m i n i m i z e t h e r u n o f f t h a t 
w o u l d o c c u r o n these g r a d e d f u r r o w s . 
Research o n t h e use o f a p p r o p r i a t e c rops a n d c u l t i v a r s w i t h o p t i m u m 
phys io logy , m o r p h o l o g y a n d p h e n o l o g y t o m a t c h l o c a l e n v i r o n m e n t a l 
c o n d i t i o n s ( m a i n l y w a t e r , f e r t i l i t y a n d t e m p e r a t u r e ) has y i e l d e d m o r e s u p e r i o r 
c u l t i v a r s ( O w e i s a n d H a c h u m 2 0 0 1 ) . 
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Source: NRM3 Database 
Figure 1 2 . M a i z e gra in yield as a f u n c t i o n of in-crop rainfal l a n d m u l c h i n g . 
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A s p o p u l a t i o n s g r o w a n d e c o n o m i e s e x p a n d , t h e f i n a n c i a l a n d e n v i r o n m e n t a l 
costs o f d e v e l o p i n g n e w w a t e r supp l ies b e g i n t o e x c e e d t h e e c o n o m i c bene f i t s 
i n t h e least p r o d u c t i v e ( m a r g i n a l ) uses o f e x i s t i n g supp l ies . T h e r e a l l o c a t i o n o f 
e x i s t i n g suppl ies , r a t h e r t h a n t h e c a p t u r e o f u n c l a i m e d suppl ies , t h e n b e c o m e s 
t h e least c o s t l y w a y t o m a x i m i z e bene f i t s . 
A s w a t e r resources are b e c o m i n g scarce a n d t h e c o m p e t i t i o n f o r w a t e r 
increases, w a t e r i s s h i f t i n g f r o m l o w va lue t o h i g h va lue c rops . Increase i n 
e c o n o m i c r e t u r n s i s d e p e n d e n t o n ava i l ab i l i t y o f m a r k e t s a n d a g o o d 
t r a n s p o r t a t i o n i n f r a s t r u c t u r e ( T i f f e n e t a l . , 1 9 9 4 ) . I n t h e s e m i - a r i d areas o f 
M a c h a k o s a n d L a i k i p i a d i s t r i c t s o f K e n y a , smal l -scale f a r m e r s have t a k e n 
advantage o f i m p r o v e d m a r k e t s f o r e x p o r t o f h o r t i c u l t u r e c rops t o i n t e n s i f y 
t h e i r h o r t i c u l t u r a l p r o d u c t i o n a n d increase t h e i r e c o n o m i c r e t u r n s p e r u n i t 
v o l u m e o f w a t e r used . E v e n i n areas w i t h s m a l l u r b a n p o p u l a t i o n s a s t h e i r 
m a j o r m a r k e t , p r o d u c t i o n o f h o r t i c u l t u r a l c r o p s f o r t h e l oca l m a r k e t r a t h e r 
t h a n f o o d c r o p p r o d u c t i o n f o r d o m e s t i c c o n s u m p t i o n has r e s u l t e d i n increases 
i n e c o n o m i c r e t u r n . 
The w a y f o r w a r d 
Business as usual is not an option 
T h e o b s e r v e d t r e n d s o f inc reas ing p o p u l a t i o n , w a t e r sca rc i ty a n d f o o d 
i n s e c u r i t y i n s e m i - a r i d areas a n d t h e i r associa ted social , e c o n o m i c a n d 
e n v i r o n m e n t a l i m p a c t s are ra i s ing conce rns a m o n g s e m i - a r i d i n h a b i t a n t s , 
p l anne r s , p o l i c y m a k e r s , researchers a n d i n t e r n a t i o n a l c o m m u n i t i e s . T h e 
f u t u r e socia l , e c o n o m i c a n d e n v i r o n m e n t a l s ta tus r e s u l t i n g f r o m f a i l i n g t o act 
n o w i s u n t h i n k a b l e . W i t h o u t r eve r s ing t h e nega t ive t r e n d s , t h e i m p o v e r i s h e d 
s e m i - a r i d area i n h a b i t a n t s w o u l d b e f o r c e d t o m o v e t o u r b a n areas o r e n c r o a c h 
o n f o r e s t l a n d , w e t l a n d s a n d m a r g i n a l grasslands w h e r e t h e y m a y c o n t i n u e t o 
u n d e r t a k e unsus t a inab le f a r m i n g . T h e r e f o r e , w e m u s t ac t t o reverse t h i s 
d o w n w a r d sp i ra l t h a t m a y l e a d t o t h e co l lapse o f t h e a g r i c u l t u r e sec to r a n d 
r u r a l l i v e l i h o o d s b y m a k i n g i n t e r v e n t i o n s t h a t w i l l i m p r o v e t h e w a t e r 
p r o d u c t i v i t y , p a r t i c u l a r l y f o r t h e m a r g i n a l i z e d p o o r c o m m u n i t i e s , i n a 
sus ta inable m a n n e r . T h e b e n e f i t s f o r such ac t ions w i l l n o t b e l i m i t e d o n l y t o 
t h e s e m i - a r i d poor , b u t t o e v e r y o n e a s w e w o u l d a l l b e nega t i ve ly a f f e c t e d , 
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d i r e c t l y o r i n d i r e c t l y , b y increas ing p o v e r t y a n d m i s e r y o f t h e i n h a b i t a n t s o f 
t h e s e m i - a r i d areas. 
Desired future state and required interventions 
T h e d e s i r e d f u t u r e s tate o f t h e s e m i - a r i d areas can b e t a k e n t o b e one i n w h i c h 
t h e scare w a t e r resources are u sed sus ta inably to a l lev ia te p o v e r t y a n d raise 
t h e s tandards o f l i v i n g a n d t o c o n t i n u e p r o v i d i n g t h e d e s i r e d e n v i r o n m e n t a l 
f u n c t i o n s . D r i v e n b y t h e above v i s i o n , t h e d e s i r e d f u t u r e state w o u l d b e (a) 
e n v i r o n m e n t a l secur i ty , (b ) social s e c u r i t y ( r e d u c e d c o n f l i c t s ) , (c) f o o d 
s e c u r i t y a n d (d ) sus ta inabi l i ty . To achieve t h e d e s i r e d o u t c o m e s s t a t ed above 
t h e r e i s n e e d t o u n d e r t a k e a p p r o p r i a t e i n t e r v e n t i o n s , i n a t i m e l y m a n n e r a t t h e 
r i g h t p lace , e f f i c i e n t l y a n d e f fec t ive ly . A c o n c e p t u a l f r a m e w o r k o f t h e l i nkage 
b e t w e e n t h e resource base, t h e i n t e r v e n t i o n s a n d t h e o u t c o m e s i s s h o w n i n 
F igu re 13 . T h e i n t e r v e n t i o n s are g r o u p e d i n t o t h r e e categories d e p e n d i n g o n 
w h a t t h e i r m a i n c o n t r i b u t i o n is: 
1 . C r e a t i n g an enab l ing e n v i r o n m e n t . 
2 . F a c i l i t a t i n g a n d s u p p o r t i n g f r a m e w o r k . 
3 . Resource use and m a n a g e m e n t p rog rams and p ro j ec t s . 
Creating an enabling environment 
I n t e r v e n t i o n s t h a t c o n t r i b u t e t o c r ea t i ng a n enab l ing e n v i r o n m e n t i n c l u d e : 
h u m a n resources d e v e l o p m e n t ; p r o c u r e m e n t o f f i nanc ia l resources; 
s u p p o r t i v e p o l i c i e s ; 8 e f f e c t i v e leg i s la t ion ; e f f i c i e n t organiza t ions ; s u p p o r t i n g 
i n f r a s t r u c t u r e a n d services. 
Facilitating and supporting framework 
I n t e r v e n t i o n s t h a t c o n t r i b u t e t o c rea t ing , f a c i l i t a t i n g a n d s u p p o r t i n g t h e 
f r a m e w o r k are t hose a i m e d a t enhanc ing capac i ty ( h u m a n , i n f r a s t r u c t u r a l a n d 
i n s t i t u t i o n a l ) , p r o m o t i n g c o o p e r a t i o n a n d c o o r d i n a t i o n , a n d m o n i t o r i n g a n d 
e v a l u a t i o n . 
8. Water management policy needs to address a mul t i tude of issues, such as: (a) management of supplies 
( to improve water availability in t ime and space); (b) management of demands (efficiency of water use, 
sectoral interactions w i t h economic activities); (c) balancing competing demands (urban-rural; 
upstream-downstream; riparian states); 
integrity of water-dependent ecosystems 
(d) reducing water pollution; and (e) preservation of the 
Figure 1 3 . Resource base - in te rvent ions -outcomes d i a g r a m . 
Resource use a n d m a n a g e m e n t p r o g r a m s a n d 
p r o j e c t s 
These i n t e r v e n t i o n s i n c l u d e those a i m e d at: (a) r e d u c i n g resource degrada t ion ; 
(b ) p r o m o t i n g fa i r shar ing o f resources (assessment, p l a n n i n g o f l a n d a n d w a t e r 
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use etc. , a l l oca t ion a n d c o n f l i c t m a n a g e m e n t ) ; (c) resource use by t h e p o o r t o 
a l levia te p o v e r t y a n d b y o thers t o raise t h e s t andard o f l i v i n g , create jobs etc . ; 
a n d (d ) m a n a g e m e n t o f t h e d e m a n d a n d supp ly o f t h e resources i n ways t h a t 
p r o m o t e e f f i c i en t use and secure resources f o r f u t u r e users. 
Research needs 
Researchers have addressed t h e challenges o f w a t e r m a n a g e m e n t i n s e m i - a r i d 
areas f o r m a n y years a n d have p r o d u c e d valuable insights , t echnolog ies a n d g o o d 
prac t ices . T h e r e are, however , m a n y as ye t u n a n s w e r e d ques t ions ar is ing f r o m 
t h e changing l a n d use, pol ic ies , i n s t i t u t i o n a l and soc io-economic c o n d i t i o n s . T h e 
research s h o u l d r e s p o n d t o t h e chal lenge posed b y K o f i A n n a n , t h e U N 
Secre tary G e n e r a l , i n t h e s t a t emen t , " W e need a B lue R e v o l u t i o n in a g r i c u l t u r e 
t h a t focuses o n increasing p r o d u c t i v i t y pe r u n i t o f w a t e r - m o r e c r o p pe r d r o p " 
( R e p o r t t o t h e M i l l e n n i u m Confe rence , O c t o b e r 2 0 0 0 ) . 
Research needs are g r o u p e d u n d e r t h e f o l l o w i n g categor ies . 
Understanding issues, mechanisms, processes and impacts 
Research needs a i m e d a t i m p r o v i n g o u r u n d e r s t a n d i n g o f t h e issues, 
m e c h a n i s m s , processes a n d i m p a c t s i n c l u d e : 
1 . U n d e r s t a n d i n g a g r o - c l i m a t i c c o n d i t i o n s a n d i d e n t i f y i n g s t rategies f o r 
a l l e v i a t i n g t h e cons t r a in t s a n d seizing t h e o p p o r t u n i t i e s . 
2 . U n d e r s t a n d i n g social , e c o n o m i c a n d e n v i r o n m e n t a l i m p a c t s o f va r ious 
a g r i c u l t u r a l w a t e r m a n a g e m e n t o p t i o n s and t r ade -o f f s associa ted w i t h 
u s ing w a t e r f o r f o o d a n d e n v i r o n m e n t s ecu r i t y a n d w i n - w i n o p t i o n s . 
3 . U n d e r s t a n d i n g h o w a l t e r n a t i v e e c o n o m i c p o l i c y i n s t r u m e n t s a n d 
i n s t i t u t i o n a l m e c h a n i s m s i n f l u e n c e w a t e r d e v e l o p m e n t , a l l o c a t i o n a n d 
p r o d u c t i v i t y i n c l u d i n g encourag ing p r i v a t e sec tor i n v e s t m e n t i n 
a g r i c u l t u r a l w a t e r m a n a g e m e n t . 
Technologies and practices for better soil, water and crop man-
agement 
Research needs a i m e d a t i m p r o v i n g t echno log ies a n d prac t i ces i n c l u d e : 
1 . P r o m o t i o n a n d a d a p t a t i o n o f a f fo rdab le t echno log ie s a n d p rac t i ces f o r 
r e d u c i n g so i l loss, a l l e v i a t i n g so i l f e r t i l i t y a n d sa l in i ty c o n s t r a i n t s . 
2 . P r o m o t i o n a n d a d a p t a t i o n o f a f fo rdab le t echno log ie s a n d p rac t i ces f o r 
i m p r o v i n g w a t e r m a n a g e m e n t t h r o u g h e x p l o r a t i o n , d e v e l o p m e n t a n d 
l i f t i n g g r o u n d w a t e r resources ; r e d u c i n g seepage a n d e v a p o r a t i o n losses i n 
w a t e r s torage a n d conveyance s t r u c t u r e s a n d d u r i n g i r r i g a t i o n 
a p p l i c a t i o n s ; t r e a t m e n t o f w a s t e w a t e r m a k i n g i t safe f o r i r r i g a t i o n ; a n d 
f o r sus ta inable use o f w e t l a n d s i n s e m i - a r i d areas. 
3 . P r o m o t i o n a n d a d a p t a t i o n o f a f f o r d a b l e t e c h n o l o g i e s a n d p rac t i ces o n 
b e t t e r c r o p m a n a g e m e n t s u c h a s c r o p b r e e d i n g a n d b i o t e c h n o l o g y t o 
increase w a t e r p r o d u c t i v i t y i n a g r i c u l t u r e t h r o u g h (a) r e d u c e d w a t e r 
r e q u i r e m e n t s ; ( b ) inc reased d r o u g h t a n d sa l i n i t y t o l e r a n c e ; a n d (c ) b e t t e r 
c r o p p i n g sys tems . 
4 . P r o m o t i o n a n d a d a p t a t i o n o f a f f o r d a b l e t e chno log i e s a n d p rac t i ces t h a t 
l e a d t o i m p r o v i n g w a t e r p r o d u c t i v i t y i n t h e b r o a d e s t sense, i .e . i n c l u d e 
c r o p , l i v e s t o c k , f i she ry y i e ld s , w i d e r e c o s y s t e m services, i m p r o v e d h e a l t h 
a n d e q u i t a b l e d i s t r i b u t i o n o f bene f i t s . 
Translating research findings to action 
Research needs a i m e d a t b e t t e r i n f o r m a t i o n m a n a g e m e n t a n d use so a s to 
f a c i l i t a t e a n d s u p p o r t e f f i c i e n t a n d e f f e c t i v e t r ans fe r o f research f i n d i n g s i n t o 
a c t i o n p r o g r a m s i n c l u d e : 
1 . D e v e l o p m e n t a n d p r o m o t i o n o f c o s t - e f f e c t i v e w a y s o f packag ing a n d 
i m p r o v i n g access o f t h e research f i n d i n g s f o r t h e e n d users ( p o l i c y , 
p l anne r s , managers a n d resource users ) . 
2 . Packaging research f i n d i n g s i n w a y s t h a t f a c i l i t a t e d ia logues o n w a t e r 
governance , o n w a t e r , f o o d a n d e n v i r o n m e n t a n d o n w a t e r shar ing . 
3 . D e v e l o p m e n t a n d p r o m o t i o n o f e f f e c t i v e scal ing u p approaches . 
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Natural resource management research 
strategies for the semi-arid tropics of 
sub-Saharan Africa: Patterns and outlook 
Nuhu Hatibu1 
In t roduct ion 
T h e s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a ( S A T S S A ) are h o m e t o a n 
e s t i m a t e d 8 0 m i l l i o n p e o p l e m o s t o f t h e m p o o r agro-pas tora l is ts w h o d e p e n d 
t o t a l l y o n r e n e w a b l e n a t u r a l resources f o r t h e i r l i v e l i h o o d s . T h e i n h a b i t a n t s o f 
t h i s r e g i o n are a m o n g t h e p o o r e s t p e o p l e i n t h e w o r l d . T h e social a n d 
e c o n o m i c d e v e l o p m e n t s ta t i s t ics f o r t h e r e g i o n are a l a r m i n g . T h e r e g i o n scores 
v e r y l o w c o m p a r e d w i t h o the r s , i n i n t e r n a t i o n a l h u m a n d e v e l o p m e n t 
i n d i c a t o r s (Table 1 ) . 
Table 1. Performance of sub-Saharan Africa in terms of human development 
indicators (after UNDP 2001). 
Region 
Sub-Saharan Africa 
East Asia & Pacific 
Europe & Central Asia 
Latin America & 
Caribbean 
Middle East & 
North Africa 
South Asia 
GNI 
Life per capita 
Population expectancy (Atlas Methods) 
(millions) (years) (US$) 
670 47 470 
1855 69 1060 
474 69 2010 
516 70 3670 
295 68 2090 
1355 62 440 
Under 5 Net Access 
mortality school to clean 
rate per enrolment water 
1000 (%) (%) 
162 55 55 
45 91 75 
25 90 
37 97 85 
54 83 89 
96 87 
A p p a r e n t l y t h e i n h e r e n t p o v e r t y f o u n d i n sub-Saharan A f r i c a i s n o t caused 
by shor tage o f n a t u r a l resources b u t by a lack o f capac i t y f o r susta inable 
m a n a g e m e n t a n d use o f t h e avai lable resources t o b r i n g a b o u t social a n d 
e c o n o m i c d e v e l o p m e n t ( U N E C A 2 0 0 0 ) . T h e m a g n i t u d e o f avai lable resources 
1. Sokoine University of Agriculture, Morogoro, Tanzania. 
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i nc ludes m o r e t h a n 2 0 0 m i l l i o n hectares o f l a n d w i t h arable p o t e n t i a l , m o r e t h a n 
7 0 0 m i l l i o n hectares o f rangelands a n d m o r e t h a n 2 0 0 m i l l i o n hectares o f 
w o o d l a n d s . F u r t h e r m o r e , t h e r eg ion i s perhaps t h e r iches t i n t h e w o r l d i n t e r m s 
o f w i l d l i f e resources. L i v e s t o c k and f i sh resources are also f o u n d in abundance i n 
t h e r eg ion . A t t h e same t i m e , m o r e t h a n o n e - t h i r d o f r ivers d r a in ing c a t c h m e n t s 
o f m o r e t h a n 1 0 0 , 0 0 0 k m 2 i n t h e w o r l d , are f o u n d i n sub-Saharan A f r i c a . T h e r e 
are also m o r e t h a n 1 6 0 lakes w i t h a c a t c h m e n t area o f m o r e t h a n 2 5 k m 2 
( U N E C A 2 0 0 0 ) . These represen t a n i n c r e d i b l e a m o u n t o f w a t e r resources. N o t 
t o m e n t i o n t h a t solar r a d i a t i o n i s available i n abundance t h r o u g h o u t t h e reg ion . 
Tolba ( 1 9 9 3 ) obse rved t h a t t h e l eve l o f d e h u m a n i z i n g u n d e r d e v e l o p m e n t a n d 
p o v e r t y f o u n d i n sub-Saharan A f r i c a s t and i n sharp cont ras t t o t h e abundan t 
n a t u r a l resources f o u n d i n t h e r eg ion . 
T h e b i g ques t i ons t h a t s t a n d b e f o r e u s i n c l u d e : g i v e n a l l t h e n a t u r a l 
resources p o t e n t i a l , w h y does sub-Saharan A f r i c a face such 
u n d e r d e v e l o p m e n t , p o v e r t y , f o o d shortages a n d s o m e t i m e s famines? W h y was 
sub-Saharan A f r i c a by-passed b y t h e G r e e n R e v o l u t i o n ? W h y desp i t e a l l t h e 
research, t r a i n i n g a n d e x t e n s i o n e f f o r t s d i r e c t e d t o a g r i c u l t u r e d o w e see v e r y 
l i t t l e i m p r o v e m e n t , i f any, i n t h e w e l f a r e o f p e o p l e i n r u r a l areas? W h a t r o l e 
s h o u l d a g r i c u l t u r e (espec ia l ly subsis tence) p l a y i n social a n d e c o n o m i c 
d e v e l o p m e n t o f S A T S S A ? I s subsis tence a g r i c u l t u r e t h e bes t w a y o f u s ing t h e 
n a t u r a l resources e n d o w m e n t ? I t i s u p o n answers t o these ques t ions t h a t 
f u t u r e research o n n a t u r a l resources s h o u l d b e based. 
T h i s pape r r e v i e w s t r e n d s a n d chal lenges i n u t i l i z a t i o n and m a n a g e m e n t 
o f n a t u r a l resources i n t h e s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a . T h e n t h e 
pape r makes suggestions o f w h a t s h o u l d b e d o n e f o r each o f t h e i d e n t i f i e d 
chal lenges . T h e pape r c o n c l u d e s w i t h a d i scuss ion o n t h e o u t s t a n d i n g issues 
f o r research, i n r e l a t i o n t o n a t u r a l resource m a n a g e m e n t i n t h e S A T S S A . 
The natural resource base challenges in 
SATSSA 
Sus ta inab le d e v e l o p m e n t has t h r e e p i l l a r s l i n k e d t o f o r m t h r e e sides o f a 
t r i a n g l e , n a m e l y t h e social , e c o n o m i c a n d e n v i r o n m e n t a l aspects o f 
d e v e l o p m e n t . T h e S A T S S A region faces daun t ing challenges in a l l t h e th ree 
aspects. T h e e c o n o m i c s i tua t ion i s worsen ing d u e to fa l l ing prices o f c o m m o d i t i e s 
and h i g h rate o f loss o f capi ta l d u e t o e x t r e m e c l ima t i c and po l i t i ca l events. O n t h e 
e n v i r o n m e n t a l side, a l t hough o n l y a smal l p r o p o r t i o n of t h e na tura l resources are 
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be ing used, t h e r e i s p o o r managemen t a n d the re fo re h i g h rates o f degradat ion . 
T h i s i s p a r t l y a consequence o f t h e p o o r e c o n o m i c p e r f o r m a n c e o f t h e region . O n 
t h e social side t h e q u a l i t y o f l i fe i n t e r m s o f f o o d security, hea l th , educa t ion , 
v u l n e r a b i l i t y a n d se l f -de te rmina t ion , i s ve ry l o w a n d ge t t i ng worse a m o n g t h e p o o r 
o f S A T S S A . T h i s i s again a resul t o f b u t also t h e reason fo r t h e p o o r e c o n o m i c 
p e r f o r m a n c e a n d t h e degrada t ion o f t h e na tu ra l resource base. 
T h e r e f o r e , w h a t s h o u l d b e a t r i a n g l e o f sus ta inable d e v e l o p m e n t i s i n fac t 
a t r i a n g l e o f sus ta inable p o v e r t y . T e n years a f te r t h e U n i t e d N a t i o n s 
C o n f e r e n c e o n E n v i r o n m e n t a n d D e v e l o p m e n t , t h e w o r l d i s h o l d i n g a n o t h e r 
S u m m i t o n Sus ta inable D e v e l o p m e n t . U n f o r t u n a t e l y , sub-Saharan A f r i c a has 
a c h i e v e d o n l y m a r g i n a l d e v e l o p m e n t s ince t h e f i r s t s u m m i t (Table 2 ) . 
Table 2. Trends in Human Development Indicators in sub-Saharan Africa (after UNDP 
2001; UNDP 1991). 
2001 
1991 
Population 
(millions) 
670 
Life 
expectancy 
(years) 
47 
52 
GNP per 
capita 
(US$) 
470 
470 
Under 5 
mortality 
rate per 
1000 
162 
179 
Net school 
enrolment 
( % ) 
55 
45 
Access 
to clean 
Water 
( % ) 
55 
40 
Average 
land 
productivity 
(grain) (t ha1) 
0.9 
A s a l ready m e n t i o n e d , t h e S A T S S A are e n d o w e d w i t h m a n y f o r m s o f 
n a t u r a l resources , b u t t h e m o s t i m p o r t a n t are t h e r e n e w a b l e ones t h a t are 
c o m p o s e d of : 
• L a n d a n d so i l . 
• W a t e r ( i n f o r m o f r a i n w a t e r , w a t e r i n r ive r s a n d lakes, a n d g r o u n d w a t e r ) . 
• G e n e t i c resources a n d b i o d i v e r s i t y . 
Land resources 
L a n d i s t h e m o s t a b u n d a n t r e source i n t h e S A T S S A . I t i s m o s t l y c o v e r e d b y 
n a t u r a l v e g e t a t i o n o f great b i o d i v e r s i t y . W i l d l i f e hab i t a t s are also a n i m p o r t a n t 
f e a t u r e o f t h e l a n d , f o l l o w e d b y a h i g h p o t e n t i a l f o r range. S i m i l a r l y l a n d w i t h 
arable p o t e n t i a l i s o n l y p a r t i a l l y used . T h e m a i n p r o b l e m s are r e l a t e d t o t h e 
d e g r a d a t i o n o f t h e l a n d u s e d f o r c r o p , l i v e s t o c k o r w o o d p r o d u c t i o n . T h e s e 
i n c l u d e acce l e r a t ed e ros ion , loss o f n u t r i e n t s a n d organ ic m a t t e r i n t h e so i l , 
s a l i n i za t i on a n d a c i d i f i c a t i o n o f soils , n u t r i e n t l e ach ing , a n d i n s o m e areas 
e x t r e m e d e g r a d a t i o n l e a d i n g t o d e s e r t i f i c a t i o n . F u r t h e r m o r e , vas t p r o p o r t i o n s 
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o f t h e S A T S S A r e g i o n have i n h e r e n t l y poor , sandy, h i g h l y l eached a n d / o r 
ac id ic soils (Table 3 ) . 
T a b l e 4 . C o m p a r i s o n o f r e g i o n s i n t e r m s o f 
W e b s i t e ) . 
Region 
Sub-Saharan Africa 
Africa 
Middle East & North Africa (excluding Egypt) 
East Asia, South-East Asia & China 
South Asia 
Latin America & Caribbean 
Developed countries 
World average 
H o w e v e r , i n s o m e S A T S S A areas, 
i nc reased t h e f e r t i l i t y o f soi ls l o c a t e d a t 
i n a l l uv ia l p l a ins . T h e s e areas have gre 
u s e o f m a n u f a c t u r e d fer t i l i zers (a f ter F A O 
Fertilizer use 
1980/81 
8 
21 
45 
121 
37 
100 
120 
88 
l o n g - t e r m erosior 
t h e b o t t o m o f t h 
eat p o t e n t i a l t h a t 
kg (N, P205, K20)/ha 
1990/91 1997/98 
10 9 
22 21 
67 62 
179 235 
80 104 
100 75 
112 86 
100 100 
a n d d e p o s i t i o n have 
e t opo -sequences a n d 
i s y e t t o b e u t i l i z e d . 
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T a b l e 3 . S o i l r e l a t e d c o n s t r a i n t s to a g r i c u l t u r e (a s % of a r a b l e l a n d ) - A c o m p a r i s o n of 
s u b - S a h a r a n A f r i c a a n d S o u t h A s i a . 
Shallow soil Low fertility 
Sub-Saharan Africa 1 42 
South Asia 1 4 
I n a d d i t i o n t o t h e i n h e r e n t l o w so i l f 
f e r t i l i z e r s ( b o t h organic a n d i no rgan i c ) i s 
average (Table 4 ) . T h e m a i n reason t h a t 
b e n e f i t t o cos t r a t i o i s o f t e n l o w e r t h a n 1 . 
use of f e r t i l i z e r s i s necessary to p r e v e n t : 
t h e so i l f e r t i l i t y . F u r t h e r m o r e , t h e use o f 
because n u t r i e n t s avai lable f r o m a l t e r n a t i 
levels n e e d e d i n m o s t f a r m i n g sys tems. T l 
c o m b i n a t i o n s o f organic , i no rgan ic a n d 
a p p l i c a t i o n t e c h n i q u e s t h a t enhance n u t 
w i l l ca l l f o r c r o p se l ec t ion , p r e c i s i o n a p p l i 
adequa te ava i l ab i l i t y o f soi l m o i s t u r e . 
Chemical 
Sandy Poor drainage problems 
36 15 1 
11 11 2 
e r t i l i t y f o u n d i n S A T S S A , t h e use o f 
l o w a t o n l y one t e n t h o f t h e w o r l d 
f e r t i l i z e r s are n o t u s e d i s t h a t t h e 
A t t h e same t i m e i t i s clear t h a t t h e 
n u t r i e n t m i n i n g b u t also t o upg rade 
ino rgan ic f e r t i l i z e r s is also necessary 
ve sources are r a r e ly adequa te in t h e 
he o u t s t a n d i n g chal lenge is to des ign 
b i o l o g i c a l sources o f n u t r i e n t s a n d 
r i e n t use e f f i c i e n c y b y p lan t s . T h i s 
: a t i o n a n d t a r g e t i n g o f n u t r i e n t s , a n d 
F u r t h e r m o r e , V e r t i s o l s are e s t i m a t e d t o cove r s o m e 5 5 m i l l i o n hectares i n t h e 
s e m i - a r i d areas o f C h a d , t h e Sudan , E t h i o p i a , K e n y a , Tanzania a n d 1 1 o t h e r 
c o u n t r i e s i n sub-Saharan A f r i c a (Syers e t a l . 2 0 0 1 ) . M o s t V e r t i s o l s are 
i n h e r e n t l y f e r t i l e d u e t o t h e i r o c c u r r e n c e o n l o w e r l y i n g l a n d w h e r e 
f l o o d w a t e r a n d n u t r i e n t s a c c u m u l a t e each season. T h e y , h o w e v e r , r e m a i n 
l a rge ly u n d e r - u t i l i z e d because t h e y are d i f f i c u l t t o manage . T h e r e f o r e , 
f a c i l i t a t i n g t h e sus ta inable u t i l i z a t i o n o f V e r t i s o l s p resen ts one o f t h e l e ad ing 
t e c h n o l o g i c a l chal lenges i n t h e d e v e l o p m e n t o f t h e S A T S S A r e g i o n . 
W h i l e t h e r e p o r t e d t r e n d s s h o w t h a t l a n d resources u s e d f o r a g r i c u l t u r e 
i n t h e S A T S S A are a t r i sk , cons ide rab le w o r k has b e e n d o n e t o d e v e l o p 
t e c h n o l o g i e s a n d p rac t i ces f o r l a n d / s o i l m a n a g e m e n t a n d c o n s e r v a t i o n . A 
r e v i e w o f these t e chno log i e s has b e e n c a r r i e d o u t several t i m e s (see H u d s o n 
1 9 8 7 ; Rei j e t a l . 1 9 9 6 ) H o w e v e r , d e s p i t e a l l t h e research, a d o p t i o n o f t h e 
t e c h n o l o g i e s a n d p rac t i ces has b e e n d i s a p p o i n t i n g l y l o w a n d l a n d d e g r a d a t i o n 
t r e n d s c o n t i n u e i n m a n y w a y s . Fa rmers i n m a n y S A T S S A areas are agro-
pas tora l i s t s , b u t d o n o t u t i l i z e t h e a m p l e f a r m y a r d m a n u r e avai lable t o t h e m . 
Bene f i t s f r o m f e r t i l i z e r s have b e e n d e m o n s t r a t e d , b u t a s s h o w n i n Table 4 , are 
h a r d l y u s e d i n t h e r e g i o n . T h e r e f o r e , t h e m o s t i m p o r t a n t t e c h n o l o g i c a l 
cha l lenge l ies i n acce le ra t ing a d o p t i o n a n d u t i l i z a t i o n o f k n o w n t echno log ie s , 
r a t h e r t h a n i n d e v e l o p i n g n e w ones. 
Water resources 
I n t h e S A T S S A r e g i o n , w a t e r i s also avai lable i n a b u n d a n c e i n t h e f o r m o f 
r e n e w a b l e annua l r a i n f a l l . T h e t o t a l r e n e w a b l e w a t e r resources i n sub-Saharan 
A f r i c a are e s t i m a t e d t o b e a b o u t 4 , 0 0 0 k m 3 year - 1 . T h i s i s a l o t o f w a t e r , b u t 
m o s t o f i t i s n o t accessed a n d p u t i n t o b e n e f i c i a l use b e f o r e i t evapora tes o r 
f l o w i n t o saline s inks . T h e m a i n reason i s t h e p r a c t i c a l d i f f i c u l t y posed b y t h e 
n a t u r e o f r a i n f a l l i n t h e S A T S S A r e g i o n . T h e r a i n i s v e r y p o o r l y d i s t r i b u t e d 
b o t h spa t i a l l y a n d t e m p o r a l l y . O f t e n t h e r e i s t o o m u c h w a t e r d u r i n g a f e w days 
o f t h e year, w h i l e w a t e r s u p p l y i s i n s u f f i c i e n t d u r i n g m o s t o f t h e year. A g a r w a l 
( u n d a t e d ) e s t i m a t e d t h a t i n m o s t o f t h e s e m i - a r i d t r o p i c s ( S A T ) , t h e t i m e 
w h e n i t i s a c t u a l l y r a i n i n g i s i n t o t a l a b o u t 1 0 0 h o u r s p e r year, o u t o f t h e 8 7 6 0 
h o u r s t h e r e are in a year. 
C l i m a t e v a r i a b i l i t y i s pe rhaps b e c o m i n g w o r s e d u e t o t h e c l i m a t e change 
p h e n o m e n o n . F l o o d s a n d d r o u g h t s are a m o n g t h e m a j o r cons t r a in t s t o 
d e v e l o p m e n t . A s t u d y o f 1 0 0 years o f disaster r eco rds i n Tanzania r evea l t h a t 
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3 8 % o f t h e disasters w e r e caused b y f loods w h i l e 3 3 % w e r e r e l a t e d t o d r o u g h t 
( H a t i b u e t a l . 2 0 0 0 ) . T h e seriousness o f t h e p r o b l e m o f a l t e r n a t i n g f loods a n d 
d r o u g h t s has r e c e n t l y b e e n seen in s o u t h e r n A f r i c a , a r e g i o n t h a t i n 2 0 0 0 
s u f f e r e d massive damages d u e t o f l oods and t h i s year ( 2 0 0 2 ) f a m i n e i s l o o m i n g 
d u e t o d r o u g h t . T h e r e f o r e , m i t i g a t i n g t h e ef fects o f e x t r e m e c l i m a t e events 
w i l l c o n t i n u e t o b e a n i m p o r t a n t cha l lenge i n t h e S A T S S A . 
T h e technologies , ski l ls a n d cap i ta l resources r e q u i r e d t o o v e r c o m e t h e 
p o o r a n d e x t r e m e d i s t r i b u t i o n o f w a t e r resources t h r o u g h storage and transfer, 
a l t h o u g h w e l l k n o w n , are n o t available i n t h e S A T S S A region . As a consequence 
t h e r e i s c r i t i c a l l y l o w access t o w a t e r f o r ag r i cu l tu re , d r i n k i n g a n d san i ta t ion , a n d 
t h e e n v i r o n m e n t . Poor access to w a t e r i s t he re fo re a m o n g t h e leading factors 
h i n d e r i n g sustainable d e v e l o p m e n t i n t h e reg ion . A p p r o a c h e s t o o v e r c o m i n g th i s 
p r o b l e m i n c l u d e technologies fo r enhanc ing t h e p r o d u c t i v i t y o f w a t e r i n r a in f ed 
p r o d u c t i o n , r a i n w a t e r harves t ing a n d p rec i s ion i r r i g a t i o n . 
a ) R a i n f e d p r o d u c t i o n 
R a i n f e d a g r i c u l t u r e p r o d u c e s b y far t h e h ighes t p r o p o r t i o n ( > 6 0 % ) o f f o o d 
c rops i n t h e w o r l d . W h e n a n i m a l graz ing i s c o u n t e d t h e c o n t r i b u t i o n o f r a i n f e d 
a g r i c u l t u r e t o f o o d a n d c o m m o d i t y p r o d u c t i o n i s v e r y h i g h i n d e e d . I n sub-
Saharan A f r i c a i t i s e s t i m a t e d t h a t over 90 % o f a g r i c u l t u r a l p r o d u c t i o n i s 
r a i n f e d . Yet , w a t e r resources p l a n n i n g f o r a g r i c u l t u r e has la rge ly neg l ec t ed 
r a i n f e d a g r i c u l t u r e . I r r i g a t i o n has been t r i e d i n sub-Saharan A f r i c a , b u t o n l y a 
l i m i t e d e f f o r t has been d i r e c t e d t o u p g r a d i n g r a i n f e d a g r i c u l t u r e t h r o u g h 
i m p r o v e d w a t e r use ef fect iveness . 
Research has s h o w n t h a t i n t h e S A T o f t e n o n l y a s m a l l f r a c t i o n o f 
r a i n w a t e r reaches a n d r ema ins i n t h e r o o t zone, l o n g e n o u g h t o b e use fu l t o 
c rops . I t i s e s t i m a t e d t h a t i n m a n y f a r m i n g systems, m o r e t h a n 7 0 % o f t h e 
d i r e c t r a i n f a l l i n g on a c r o p f i e l d i s los t a s n o n - p r o d u c t i v e e v a p o r a t i o n o r f l o w s 
i n t o s inks b e f o r e i t i s u s e d b y p lan t s . I n e x t r e m e cases o n l y 4 - 9 % o f r a i n w a t e r 
i s u s e d i n c r o p t r a n s p i r a t i o n ( R o c k s t r o m e t a l . 1 9 9 8 ) . T h e r e f o r e , i n r a i n f e d 
a g r i c u l t u r e , wastage o f r a i n w a t e r i s a m o r e c o m m o n cause o f l o w y i e ld s o r 
c o m p l e t e c r o p f a i l u r e t h a n abso lu te shortage o f c u m u l a t i v e seasonal r a i n f a l l . 
T h i s fac t i s d e m o n s t r a t e d b y e x p e r i e n c e i n t h e U S A F A O 1 9 9 5 . A d o p t i o n o f 
i m p r o v e d w a t e r c o n s e r v a t i o n t echno log ie s i n t h e C e n t r a l G r e a t Plains are said 
t o have m a d e t h e largest s ingle c o n t r i b u t i o n ( 4 5 % ) t o increases i n average 
w h e a t y i e l d s . T h i s was s ign i f i can t ly ahead o f i m p r o v e d var ie t i es ( 3 0 % ) a n d 
f e r t i l i z e r p rac t i ces ( 5 % ) ( F A O 1 9 9 5 ) . 
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T h e necessary t e chno log i e s f o r o v e r c o m i n g loss o f w a t e r i n r a i n f e d 
a g r i c u l t u r e , are t h e w e l l k n o w n so i l a n d w a t e r c o n s e r v a t i o n t e c h n i q u e s . T h e 
p r i n c i p l e r e q u i r e m e n t i s t h e i m p r o v e m e n t o f i n f i l t r a t i o n , w a t e r h o l d i n g 
capac i t y a n d w a t e r u p t a k e b y p l an t s . 
T h e e f f e c t o f sub- so i l ing a n d m a n u r e a p p l i c a t i o n i n s e m i - a r i d areas o f 
Tanzania i s s h o w n i n F i g u r e 1 . S u b - s o i l i n g c o u p l e d w i t h m a n u r e l e d t o a 
f o u r f o l d increase i n y i e l d ( F a l k e n m a r k e t a l . 2 0 0 1 ) . 
Sub Soiling Ploughing 
and Ripping 
Figure 1 . Effect o f sub-soi l ing a n d m a n u r e app l ica t ion on m a i z e yield in 
Babat i , Tanzania (a f te r Fa lkenmark e t a l . 2 0 0 1 ) . 
T h e r e are t h e r e f o r e w i n - w i n bene f i t s o f c o n v e r t i n g e ros ion-caus ing 
r u n o f f i n t o p l a n t avai lable so i l w a t e r , a n d n o n - p r o d u c t i v e e v a p o r a t i o n t o 
p r o d u c t i v e t r a n s p i r a t i o n . T h e p r o d u c t i o n o f d r y p l a n t m a t t e r i s o f t e n l i n e a r l y 
c o r r e l a t e d t o seasonal t r a n s p i r a t i o n , w h i l e t h e a m o u n t o f avai lable w a t e r t a k e n 
u p b y p l an t s i s d e p e n d e n t o n t h e e x t e n t t o w h i c h r o o t s are i n c o n t a c t w i t h 
w a t e r ( A z a m - A l i a n d S q u i r e , 2 0 0 2 ) . T h e cha l lenge i s t o i m p r o v e t h e a m o u n t 
o f so i l w a t e r avai lable t o p l a n t s a n d t h e e f f i c i e n c y o f i t s u p t a k e b y p l an t s . 
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b) Rainwater harvesting 
R a i n w a t e r h a r v e s t i n g i s t h e process o f c o l l e c t i n g r a i n w a t e r a n d r e d u c i n g i t s 
u n p r o d u c t i v e d e p l e t i o n . I t m a y i n v o l v e c o l l e c t i n g i t w h e r e i t falls (as i n so i l 
a n d w a t e r c o n s e r v a t i o n ) o r c o l l e c t i n g i t f r o m a c a t c h m e n t area and c h a n n e l i n g 
t h e r u n o f f t o increase t h e w a t e r avai lable i n a r e l a t i ve ly smal le r g r o w i n g area. 
I n m i c r o - c a t c h m e n t sys tems, w a t e r i s c o l l e c t e d f r o m l a n d adjacent t o t h e 
g r o w i n g area, w h i l e w i t h m a c r o - c a t c h m e n t systems, large f l o w s are d i v e r t e d 
a n d u s e d d i r e c t l y o r s t o r e d f o r s u p p l e m e n t a r y i r r i g a t i o n . 
E x p e r i e n c e i n Tanzania, f o r e x a m p l e , shows t h a t f a rmers are aware t h a t 
b o t h c r o p a n d l i v e s t o c k p r o d u c t i o n can b e i m p r o v e d subs tan t ia l ly t h r o u g h 
c o n c e n t r a t i o n o f t h e scarce r a i n w a t e r a n d b y p r o v i s i o n o f s u p p l e m e n t a r y 
w a t e r d u r i n g c r i t i c a l t i m e s . T h i s fac i l i t a t es p r o d u c t i o n / g r o w i n g o f h i g h w a t e r 
d e m a n d i n g c rops . T h i s s t ra tegy i s m a n i f e s t e d i n t h e c o n c e p t o f m a s h a m b a y a 
m b u g a n i ( f i e lds l o c a t e d a t t h e b o t t o m o f l andscape) . Fa rmers g r o w h i g h w a t e r 
d e m a n d i n g c rops s u c h a s vegetables , r i c e a n d ma ize i n t h e l o w e r p a r t o f 
landscape . T h e a i m i s t o e x p l o i t t h e n a t u r a l c o n c e n t r a t i o n o f r a i n w a t e r a n d 
n u t r i e n t s f l o w i n g i n t o t h e va l ley b o t t o m s f r o m t h e s u r r o u n d i n g h i g h l a n d 
( T A J A S 1 9 9 9 ) . F u r t h e r m o r e , a su rvey o f f a r m e r s ' i n n o v a t i o n s i n t h e s e m i - a r i d 
areas o f Tanzania, K e n y a a n d U g a n d a , f o u n d t h a t r a i n w a t e r ha rves t ing 
i n n o v a t i o n s c o n s t i t u t e d 3 0 % o f t h e t o t a l , s o i l - n u t r i e n t m a n a g e m e n t 
i n n o v a t i o n s ( 2 0 % ) , a n d f o r e s t r y i n n o v a t i o n s ( 4 % ) . I n t o t a l , w a t e r m a n a g e m e n t 
i n n o v a t i o n s c o n s t i t u t e d 5 0 % o f t h e t o t a l ( C r i t c h l e y 1 9 9 9 ) . 
I n t h e s e m i a r i d areas o f Tanzania, t h e m a s h a m b a y a m b u g a n i c o n c e p t 
has been i m p r o v e d t o f a c i l i t a t e t h e c u l t i v a t i o n o f p a d d y r i ce i n t h e SAT. T h e 
t e c h n o l o g y invo lves t h e c o n s t r u c t i o n o f w a t e r storage reservoirs t o f a c i l i t a t e 
c o n c e n t r a t i o n o f h i g h v o l u m e s o f w a t e r and s t o r i n g i t f o r a longer p e r i o d . I t i s 
des igned t o c a p t u r e and s tore r a i n w a t e r w h e r e i t falls w i t h p rov i s ions f o r 
s u p p l y o f e x t r a w a t e r f r o m e x t e r n a l c a t c h m e n t s . T h e c u l t i v a t e d reservoirs are 
c o n s t r u c t e d i n r e l a t i v e l y f l a t t o m e d i u m slope t e r r a i n b y b u i l d i n g a b u n d o f 
0 . 3 - 0 . 7 m h i g h , a r o u n d t h e f i e l d p e r i m e t e r . T h e e n v i r o n m e n t t h a t i s c r e a t e d i s 
o n l y c o n d u c i v e f o r t h e g r o w t h o f p a d d y r i ce . For t h i s reason t h e r e f o r e , f a rmer s 
have c h a n g e d f r o m t h e c u l t i v a t i o n o f s o r g h u m a n d m i l l e t , t o r i c e . 
T h i s s y s t e m i s n o w w i d e l y used i n near ly a l l t h e s e m i - a r i d areas o f c e n t r a l 
Tanzania. T h e s y s t e m accoun t s f o r ove r 7 0 % o f t h e area c u l t i v a t e d w i t h r i ce 
a n d ove r 3 5 % o f t h e r i c e p r o d u c e d i n Tanzania. I t has e n a b l e d f a r m e r s t o g r o w 
a m a r k e t a b l e c r o p i n d r y areas, p r o v i d i n g o p p o r t u n i t y fo r p o v e r t y r e d u c t i o n 
(Shaka e t a l . 1 9 9 6 ; M e e r t e n s e t a l . 1 9 9 9 ) . Research has s h o w n t h a t gross 
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m a r g i n s o b t a i n e d b y a f a r m e r i m p r o v e s i g n i f i c a n t l y b y a d o p t i n g t h i s 
t e c h n o l o g y ( F i g u r e 2 ) . Paddy r i c e i s n o w a S A T c r o p i n Tanzania. 
Millet Sorghum RWH for r ice RWH for r ice 
(low inouts) (high inputs) 
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c) Precision irrigation 
M o s t i r r i g a t i o n i n sub-Saharan A f r i c a i s s u p p l e m e n t a r y a s i t o f t e n i n v o l v e s t h e 
a p p l i c a t i o n o f a n e x t r a a m o u n t o f w a t e r d u r i n g t h e r a i n y season, o v e r a n d 
above t h a t s u p p l i e d b y d i r e c t r a i n f a l l , t o o p t i m i z e w a t e r avai lable f o r p l a n t 
g r o w t h ( O w e i s e t a l . 1 9 9 9 ) . H o w e v e r , i r r i g a t i o n i s d o m i n a t e d b y t h e classical 
a p p r o a c h o f f l o o d i n g t h e e n t i r e f i e l d t o s a t u r a t i o n a t p a r t i c u l a r i n t e r v a l s . T h i s 
a p p r o a c h o f t e n leads t o h i g h losses o f w a t e r t o e v a p o r a t i o n f r o m t h e so i l a n d 
w a t e r surface , l e a d i n g t o l o w p r o d u c t i v i t y o f w a t e r . 
T h e p r o d u c t i v i t y o f w a t e r can b e i m p r o v e d b y i n t r o d u c i n g p r e c i s i o n 
i r r i g a t i o n ( L a m b e r t a n d F a u l k n e r 1 9 8 9 ) . T h i s i n v o l v e s a p p l y i n g t h e r e q u i r e d 
q u a n t i t y o f w a t e r w h e n i t i s r e q u i r e d a n d i n t h e r o o t zone w h e r e i t i s r e q u i r e d . 
T h i s w i l l i n c l u d e , f o r e x a m p l e , a p p l i c a t i o n o f a s m a l l a m o u n t o f w a t e r t o 
o v e r c o m e a s t ress fu l d r y spe l l w i t h i n t h e g r o w i n g p e r i o d . Techno log ie s f o r 
a c h i e v i n g t h e necessary h i g h levels o f c o n t r o l are a l r eady ava i lab le . O n e 
Figure 2 . Benefi ts of a d o p t i n g R W H fo r crop p r o d u c t i o n in t h e SAT of Tanzania 
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e x a m p l e , are m i c r o - d r i p t e c h n i q u e s f o r h i g h f requency , l o w v o l u m e , p a r t i a l -
areas a p p l i c a t i o n o f w a t e r a n d n u t r i e n t s t o c r o p f i e lds ( F A O 1 9 9 7 ) . 
Prec is ion i r r i g a t i o n ove rcomes t h e p r o b l e m s o f u n p r o d u c t i v e d e p l e t i o n o f 
w a t e r f r o m t h e so i l . B y a p p l y i n g t h e w a t e r d i r e c t l y t o t h e r o o t zone, 
t r a n s p i r a t i o n b y p lan ts i s increased d u e t o i m p r o v e d con t ac t b e t w e e n w a t e r a n d 
roo t s w h i l e soi l evapo ra t i on a n d deep p e r c o l a t i o n are r e d u c e d . T h i s increases 
t h e p r o d u c t i v i t y o f wa t e r . F u r t h e r m o r e , i m p r o v e d c o n t r o l o f t h e t i m i n g o f 
a p p l i c a t i o n o f w a t e r makes i t easy t o i m p l e m e n t s u p p l e m e n t a r y i r r i g a t i o n 
s t ra tegica l ly t o o v e r c o m e w i t h i n season d r y spells. O w e i s e t a l . ( 1 9 9 9 ) s h o w e d 
t h a t w a t e r p r o d u c t i v i t y i n r a i n f e d w h e a t p r o d u c t i o n i n Jo rdan can b e increased 
f r o m 0 .33 k g m " 3 t o 3 k g m - 3 t h r o u g h strategic s u p p l e m e n t a r y i r r i g a t i o n . 
Genetic resources and biodiversity 
T h e S A T S S A r e g i o n i s r i c h i n b i o d i v e r s i t y o f p l a n t , a n i m a l a n d m i c r o b i a l 
species p r o v i d i n g t h e r a w m a t e r i a l f o r c r o p , l i v e s t o c k , w i l d l i f e a n d t r e e based 
p r o d u c t i o n sys tems . 
M a n y years o f b r e e d i n g have l e d t o t h e s e l ec t i on a n d / o r d e v e l o p m e n t o f 
h i g h l y p r o d u c t i v e c r o p c u l t i v a r s a n d l i v e s t o c k breeds . H o w e v e r , these 
r e m a r k a b l e a c h i e v e m e n t s have b e e n a t t a i n e d a t t h e expense o f d i v e r s i t y i n t h e 
species a n d s t ra ins r e g u l a r l y u s e d in a g r i c u l t u r e . G l o b a l l y , a b o u t 30,000 c r o p 
species are k n o w n t o b e e d i b l e b u t o n l y 7 , 0 0 0 have b e e n c u l t i v a t e d o r 
c o l l e c t e d f o r h u m a n f o o d . F u r t h e r m o r e , o n l y 3 c rops ( r i ce , w h e a t a n d ma ize ) 
are u s e d t o s u p p l y 6 0 % o f c rop -based f o o d f o r h u m a n s ( A z a m - A l i a n d Squ i r e , 
2 0 0 2 ) . A t t h e same t i m e m o s t o f t h i s p r o d u c t i o n comes f r o m h i g h y i e l d i n g 
va r i e t i e s o f t h e G r e e n R e v o l u t i o n , w h i c h are, h o w e v e r , v u l n e r a b l e t o 
p r o d u c t i o n stress a s o f t e n f o u n d i n t h e S A T S S A areas. T h e var ie t i es o n l y 
p e r f o r m w e l l i f s u p p o r t e d b y h i g h use o f f e r t i l i z e r s a n d i r r i g a t i o n ( F i g u r e 3 ) . I t 
m a y b e t h a t t h e G r e e n R e v o l u t i o n was n o t s ign i f i can t i n sub-Saharan A f r i c a 
because n o n e o f t h e "green r e v o l u t i o n c rops" have t h e i r cen te rs o f d i v e r s i t y i n 
t h e r e g i o n ! 
T h e r e i s t h e r e f o r e a p o t e n t i a l t o t a p t h e species t h a t are i n d i g e n o u s t o 
S A T S S A w h i l e c o n s e r v i n g a n d e x t e n d i n g t h e e x i s t i n g p o o l . Recen t 
d e v e l o p m e n t i n m o l e c u l a r b i o l o g y can b e u sed t o r a p i d l y assess t h e p o t e n t i a l 
p r o d u c t s t h a t can b e o b t a i n e d f r o m these species. 
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Figure 3 . A genera l i zed , theore t ica l re la t ionship b e t w e e n gra in y ie ld a n d 
increasing stress f o r m o d e r n HYV a n d landraces (Af ter Azam-Al i a n d Squire , 
2 0 0 2 ) . 
Outstanding deve lopment challenges in 
relat ion to natural resources in SATSSA 
Accelerated adoption of existing technologies 
T h e discussion in t h e prev ious sections has s h o w n t h a t technologies for sustainable 
use a n d m a n a g e m e n t o f na tu ra l resources t o increase p r o d u c t i v i t y and 
d e v e l o p m e n t in t h e S A T S S A region, are available b u t a d o p t i o n i s v e r y low. T h i s i s 
a n ou t s t and ing d e v e l o p m e n t challenge. V e r y l i t t l e d e v e l o p m e n t w i l l occu r i n t h e 
S A T S S A reg ion unless peop le can be l i be ra t ed f r o m t h e c u r r e n t f o o d secur i ty 
s i t ua t i on t h a t depends on self-sufficiency. T h i s i s because d u e to t h e c l i m a t i c 
l i m i t a t i o n s , subsistence p roduce r s o f t e n give p r i o r i t y t o m i n i m i z i n g r i s k s and n o t 
increased p r o d u c t i v i t y a n d p r o f i t . T h i s i s a strategic survival m e c h a n i s m b u t i t 
denies t h e peop le i n these areas t h e capaci ty t o b u i l d capi ta l resources r e q u i r e d to 
invest i n n e w technologies , pa r t i c ipa te i n t h e m a r k e t e c o n o m y a n d p r o t e c t onese l f 
against e x t r e m e s o f c l i m a t i c a n d e c o n o m i c d o w n t u r n s . 
T h e c u r r e n t a p p r o a c h t o r u r a l d e v e l o p m e n t p u t s t o o m u c h emphas i s o n 
increas ing p r o d u c t i o n o f c o m m o d i t y crops . I t i s a lways assumed t h a t t h e m a r k e t 
exis ts a n d d e v e l o p m e n t a n d research i n t e r v e n t i o n s o f t e n focus o n r e m o v i n g 
p r o d u c t i o n cons t r a in t s . For e x a m p l e , i t i s o f t e n a s sumed t h a t i f p r o b l e m s o f 
access can be o v e r c o m e , f a rmers are l i k e l y t o e m b r a c e inorgan ic f e r t i l i z e r s . 
H e n c e , p a c k i n g f e r t i l i z e r i n t o 1 kg packe ts i s n o w p r e s e n t e d as a n o v e l a p p r o a c h 
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t o p r o m o t e a d o p t i o n o f fe r t i l i ze r . I t i s f o r g o t t e n t h a t t h e f e r t i l i z e r s t i l l costs t h e 
same a n d i f t h e f a r m e r canno t sell h e r / h i s p r o d u c e a n d m a k e a p r o f i t , she/he 
w i l l n o t b e w i l l i n g t o b u y even t h e 1 k g packe t . I f t h e risks fac ing t h e fa rmers are 
n o t r e d u c e d , these " n o v e l " approaches are n o t l i k e l y t o w o r k . 
R e d u c t i o n o f r i sk fac ing p r o d u c e r s i n t h e S A T S S A s h o u l d t h e r e f o r e b e 
one o f t h e m o s t i m p o r t a n t ob jec t ives o f i n t e r v e n t i o n e f f o r t s . T h e r e i s a n e e d t o 
d o a w a y w i t h t h e n o t i o n t h a t a g r i c u l t u r a l p r o d u c t i o n i s t h e o n l y o p t i o n f o r a l l 
p e o p l e a n d focus s h o u l d b e p u t i n d i v e r s i f i c a t i o n i n t o o t h e r n a t u r a l r esource 
a n d n o n - n a t u r a l r e source based en te rpr i ses . F u r t h e r m o r e , e f fo r t s s h o u l d b e 
m a d e t o r e focus e c o n o m i c ac t i v i t i e s t o t r a d a b l e a n d h i g h va lue p r o d u c t s r a t h e r 
t h a n p r o d u c t i o n o f f o o d a n d o t h e r c r o p based c o m m o d i t i e s t h a t are c u r r e n t l y 
f e t c h i n g v e r y l o w pr i ces i n t h e w o r l d m a r k e t . I n t e r v e n t i o n s i n research o r 
d e v e l o p m e n t s h o u l d s ta r t a t t h e m a r k e t a n d p r o d u c t e n d a n d s h o u l d engage 
m a r k e t e r s , processors , t r a n s p o r t e r s a n d p r o d u c e r s . A schema t i c p r e s e n t a t i o n 
o f t h e necessary p a r a d i g m sh i f t i s s h o w n i n F igu re 4 . 
PRODUCT & MARKET FOCUS 
Figure 4 . P a r a d i g m shift f r o m c o m m o d i t y to p roduct focus. 
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R e a l i z a t i o n o f sus ta inable d e v e l o p m e n t i n t h e S A T S S A w i l l r e q u i r e 
i n t e r v e n t i o n p r o g r a m s t h a t s i m u l t a n e o u s l y address a l l t h e t h r e e p i l l a r s 
( e c o n o m i c s , social a n d e n v i r o n m e n t a l ) . These i n t e r v e n t i o n s s h o u l d b e 
s t r a t eg i ca l ly d e s i g n e d t o e x p l o i t synergies i n these t h r e e aspects o f sus ta inable 
d e v e l o p m e n t . 
Commercialization of agriculture 
A s a l ready said c o m m e r c i a l i z a t i o n m u s t s t a r t b y i d e n t i f y i n g m a r k e t s f o r 
p r o d u c t s w h e r e a g i v e n area has a c o m p a r a t i v e advantage f o r i t s p r o d u c t i o n . 
T h i s s h o u l d t h e n d r i v e t h e n e e d f o r inc reased p r o d u c t i v i t y a n d 
c o m p e t i t i v e n e s s l e ad ing t o d e m a n d a n d a d o p t i o n o f t e chno log i e s f o r a c h i e v i n g 
these . T h i s a p p r o a c h leads t o g e n u i n e d e m a n d - d r i v e n t e c h n o l o g y 
d e v e l o p m e n t a n d research . Fo r e x a m p l e , t h e r e m a y b e a n e e d t o dea l w i t h t h e 
so i l w a t e r a n d so i l f e r t i l i t y cons t r a in t s t h a t l i m i t p r o d u c t i v i t y . T h e s e t w o 
fac to r s c o m p l e m e n t each o the r , a n d one w i t h o u t t h e o t h e r i s n o t e f f e c t i v e . 
U n f o r t u n a t e l y , t h e S A T S S A i s s h o r t o f b o t h a n d i s o f t e n d i f f i c u l t t o m a k e a 
d e c i s i o n o n w h i c h c o u l d b e t h e e n t r y p o i n t . B u t a s m e n t i o n e d ear l ier , s e m i -
a r i d areas r ece ive r e l a t i v e l y large v o l u m e s o f r a i n w a t e r t h a t i s " l o s t " each 
season. Perhaps t h e c a p t u r e , r e t e n t i o n a n d e f f e c t i v e u t i l i z a t i o n o f t h i s w a t e r 
c o u l d b e t h e e n t r y p o i n t . I t i s e x p e c t e d t h a t i m p r o v e d w a t e r s u p p l y w i l l 
r e d u c e t h e r i s k o f c r o p a n d l i v e s t o c k f a i l u r e , w h i c h w i l l i n t u r n g ive t h e f a r m e r 
t h e necessary c o n f i d e n c e t o i nves t i n f e r t i l i t y m a n a g e m e n t o p t i o n s . 
S t a b i l i z a t i o n o f p r o d u c t i o n a t h i g h e r levels i s also a n i m p o r t a n t c o n d i t i o n f o r 
i n v e s t m e n t i n t h e p r o d u c t c h a i n . 
T h e m o s t i m p o r t a n t t e c h n i c a l o p t i o n s f o r a c h i e v i n g sus ta inable 
c o m m e r c i a l a g r i c u l t u r e i n t h e S A T S S A w i l l i n c l u d e t h e f o l l o w i n g : 
i . P r o d u c t s a n d / o r m a r k e t i d e n t i f i c a t i o n a n d d e v e l o p m e n t t o o f f e r t h e r u r a l 
p o p u l a t i o n o f t h e S A T S S A a c h o i c e o f n a t u r a l r e source -based en t e rp r i s e s 
t h a t o f f e r t a n g i b l e e c o n o m i c , socia l a n d e n v i r o n m e n t a l b e n e f i t s , 
i i . I m p r o v e d r a i n w a t e r m a n a g e m e n t t o r e d u c e i m p a c t s o f v a r i a b i l i t y a n d 
m i n i m i z e n o n - p r o d u c t i v e w a t e r d e p l e t i o n a n d eros ive r u n o f f , 
i i i . I m p r o v e d so i l f e r t i l i t y t h r o u g h i n t e g r a t e d n u t r i e n t m a n a g e m e n t t h a t e x p l o i t 
a l t e r n a t i v e a n d c o m b i n a t i o n sources f o r o p t i m u m ef fec t iveness a n d 
b e n e f i t s t o cos t r a t i o , 
iv. B e t t e r m a t c h i n g o f c r o p s a n d l i v e s t o c k w i t h b i o p h y s i c a l , e c o n o m i c a n d 
socia l c o n d i t i o n s f o l l o w e d b y i m p r o v e d m a n a g e m e n t i n r e l a t i o n t o i n p u t s , 
m a n a g e m e n t o f pes ts a n d diseases, a n d pos t -ha rves t o p e r a t i o n s . 
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T h e s e are basic p r i n c i p l e s t h a t s h o u l d b e c o m b i n e d i n a n u m b e r o f f o r m s 
d e t e r m i n e d b y t h e m o s t b i n d i n g cons t r a in t s a n d avai lable t echno log ie s . 
Suggested strategic issues for research 
i . P r o d u c t a n d m a r k e t focus , a n d d i v e r s i f i c a t i o n 
Sus ta inab le i n c o m e a n d p r o f i t a b i l i t y i s a m o n g t h e m o s t i m p o r t a n t 
i n c e n t i v e s f o r i n v e s t i n g i n n a t u r a l resources conse rva t ion . Farmers l i k e any 
bus inessperson pass t h e i r losses t o s o m e t h i n g o r s o m e b o d y else. O f t e n , p o o r 
f a r m e r s pass t h e losses t o t h e n a t u r a l resources i n f o r m o f over e x p l o i t a t i o n 
a n d d e g r a d a t i o n . T h e r e f o r e , w e n e e d t o u n l o c k t h e p o t e n t i a l o f t h e n a t u r a l 
r e source base t h r o u g h d i v e r s i f i c a t i o n o f p r o d u c t s , en te rpr i ses and m a r k e t s f o r 
t h e p u r p o s e o f inc reas ing i n c o m e s a n d p r o f i t a b i l i t y i n t h e S A T S S A reg ion . 
W h a t can research do? 
• U s e t h e e x i s t i n g b o d y o f k n o w l e d g e , r e c e n t d e v e l o p m e n t s i n genet ic a n d 
i n f o r m a t i o n t e c h n o l o g i e s t o i d e n t i f y , m a p a n d q u a n t i f y uses a n d m a r k e t s 
f o r poss ib le p r o d u c t s f r o m t h e d iverse genet ic resources f o u n d i n 
S A T S S A . 
• D e v e l o p n e w p r o d u c t s o r u p g r a d e e x i s t i n g ones f o r e x i s t i n g o r n e w mass 
o r n i c h e m a r k e t s . 
• U s e t h e p o w e r o f t h e i n f o r m a t i o n t e c h n o l o g y t o des ign e f f e c t i v e 
p r o d u c t i o n t o m a r k e t cha ins , i n c o l l a b o r a t i o n w i t h k e y p layers , 
s t akeho lde r s a n d o t h e r sectors such as i n f r a s t r u c t u r e , p o w e r supply , 
t e l e c o m m u n i c a t i o n a n d ag ro - indus t ry . 
i i . R e d u c t i o n o f r i s k a n d v u l n e r a b i l i t y 
Sus ta inab le i n c o m e g e n e r a t i o n a n d p r o f i t a b i l i t y i s a r e q u i r e m e n t f o r 
i nc reas ing re s i l i ence t o r isks a n d shocks. H o w e v e r , t h i s capac i ty can be 
e n h a n c e d f u r t h e r , i f t e c h n o l o g y can b e u sed t o r e d u c e t h e e x t e n t o f t h e r i sks . 
T h e m a i n aspect f o r i n t e r v e n t i o n i s i n i n t e g r a t e d m a n a g e m e n t o f so i l n u t r i e n t s 
a n d w a t e r . T h e c o m p o n e n t t echno log ie s are m o s t l y k n o w n b u t o u t s t a n d i n g 
resea rch issues i n c l u d e : 
• D e v e l o p i n g o p t i m a l i n t e g r a t e d sys tems t h a t have h i g h b e n e f i t t o cos t 
r a t ios ( i . e . m o r e i n c o m e pe r k i l o g r a m o f n u t r i e n t s , d r o p o f w a t e r o r 
h e c t a r e o f l a n d e tc . ) a n d p o s i t i v e ef fects o n t h e n a t u r a l r esource base. 
• D e v e l o p i n g governance a n d i n s t i t u t i o n a l m e c h a n i s m s t h a t enhance 
a d o p t i o n o f these sys tems. 
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Concluding remarks 
T h i s pape r has a r g u e d t h a t t h e r e i s v e r y l i t t l e e c o n o m i c a n d socia l 
d e v e l o p m e n t t o s h o w f o r t h e a b u n d a n t n a t u r a l resources t h a t ex i s t i n t h e 
s e m i - a r i d areas o f sub-Saharan A f r i c a . A t t h e m o m e n t p o v e r t y i s t h e m o s t 
ser ious t h r e a t t o e n v i r o n m e n t a l a n d n a t u r a l r e sou rce c o n s e r v a t i o n . 
F u r t h e r m o r e , t h e p o o r o f these areas are l i k e l y t o b e m a r g i n a l i z e d m o r e b y 
g l o b a l i z a t i o n a n d t h e n e w t e c h n o l o g i e s s u c h a s b i o t e c h n o l o g y a n d i n f o r m a t i o n . 
T h e cha l l enge f ac ing researchers w i t h m a n d a t e f o r t h e S A T S S A i s t o 
c o n t r i b u t e k n o w l e d g e t h a t w i l l f a c i l i t a t e t h e reversa l o f these t r e n d s . T h e 
e n t r y p o i n t w i l l b e i n d e v e l o p i n g means f o r l i n k i n g t h e e x i s t i n g n a t u r a l 
resources w i t h t h e o p p o r t u n i t i e s m a d e poss ib le b y r e c e n t d e v e l o p m e n t i n 
gene t i c a n d i n f o r m a t i o n t e c h n o l o g i e s a n d t h e vast research k n o w l e d g e a n d 
n a t u r a l r e sou rce m a n a g e m e n t t e c h n o l o g i e s n o w avai lable g loba l ly . 
W e be l i eve t h a t t h e r e i s a n u r g e n t n e e d f o r a p a r a d i g m sh i f t f r o m 
p r o d u c t i o n a n d f o o d se l f - su f f i c i ency focus t o p r o d u c t a n d m a r k e t focus . 
A l t h o u g h p o v e r t y has m a n y f o r m s , t h e m a j o r o n e i s i n c o m e p o v e r t y . 
T h e r e f o r e , sus ta inable a n d m e a n i n g f u l r e d u c t i o n o f p o v e r t y r equ i r e s ser ious 
engagemen t w i t h m a r k e t s , f r o m l o c a l t o g loba l levels . H o w e v e r , t h i s i s b igger 
t h a n j u s t research . Successfu l i n t e g r a t i o n o f t h e p o o r p e o p l e o f S A T S S A i n t o 
t h e m a r k e t s r e q u i r e s a c o n c e r t e d e f f o r t b y m a n y ac tors . T h e cha l lenge l ies i n 
m a k i n g i t w o r t h w h i l e f o r each ac tor . T h e r o l e o f research w i l l b e i n d y n a m i c 
i d e n t i f i c a t i o n o f o p p o r t u n i t i e s a n d t h r e a t s a n d t h e s u p p l y o f r e l e v a n t 
t e c h n o l o g i e s t o o v e r c o m e t h e t h r e a t s a n d e x p l o i t f u l l y t h e o p p o r t u n i t i e s . 
T h e n a t u r a l r e source m a n a g e m e n t resea rch s t ra tegy s h o u l d focus o n 
r e d u c i n g p r o d u c t i o n r isks caused b y c l i m a t i c v a r i a b i l i t y a n d p o o r so i l f e r t i l i t y 
i n t h e S A T S S A areas. T h i s w i l l r e q u i r e e f f o r t s t o be d i r e c t e d t o d e v e l o p i n g 
o p t i m a l i n t e g r a t e d n u t r i e n t a n d w a t e r m a n a g e m e n t sys tems t h a t have h i g h 
b e n e f i t t o cos t r a t ios a n d p o s i t i v e e f fec t s o n t h e n a t u r a l r e source base. 
C o m p o n e n t t e c h n o l o g i e s a l r eady ex i s t a n d t h e r e m a i n i n g cha l l enge i s i n t h e i r 
i n t e g r a t i o n a n d a d a p t a t i o n u n d e r d i f f e r e n t c o n d i t i o n s . 
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Adoption of agroforestry technologies 
in the drylands of sub-Saharan Africa: 
ICRAF's experiences and challenges in 
West, southern and eastern Africa 
S t e v e n F r a n z e l , A a m a d o u N i a n g , B a s h i r J a m a 1 
In t roduct ion 
D r y l a n d s are t h e areas m o s t t h r e a t e n e d b y d e s e r t i f i c a t i o n a n d t h e y cover 
a b o u t 3 4 % o f t h e ea r th ' s surface . A l t h o u g h d e s e r t i f i c a t i o n i s a w o r l d w i d e 
p r o b l e m , i t i s p a r t i c u l a r l y ser ious i n A f r i c a , w h e r e a b o u t 3 3 0 m i l l i o n hectares 
are a f f e c t e d . D u r i n g t h e 1990s , t h e W o r l d A g r o f o r e s t r y C e n t r e ( f o r m e r l y t h e 
I n t e r n a t i o n a l C e n t r e f o r Research i n A g r o f o r e s t r y - I C R A F ) o p e r a t e d i n f o u r 
ecoreg ions o f A f r i c a ( F i g u r e 1 ) : t h e s e m i - a r i d l o w l a n d s o f W e s t A f r i c a , t h e 
h i g h l a n d s o f East A f r i c a , t h e u n i m o d a l p l a t eau o f s o u t h e r n A f r i c a , a n d h u m i d 
l o w l a n d s o f W e s t A f r i c a . O n l y o n e o f these zones, t h e s e m i - a r i d l o w l a n d s o f 
W e s t A f r i c a , i s e n t i r e l y w i t h i n t h e s e m i - a r i d t r o p i c s , a s d e f i n e d b y F r e e m a n e t 
a l . ( 2 0 0 2 ) . I n a d d i t i o n , t h r e e o f t h e s ix s o u t h e r n A f r i c a sites, Tabora a n d 
Shinyanga , Tanzania, a n d H a r a r e , Z i m b a b w e , can b e c o n s i d e r e d s e m i - a r i d . 
Table 1 shows t h e m a i n cha rac te r i s t i c s o f t h e s e m i - a r i d t r o p i c s a n d p a r t n e r 
sites o f I C R A F . W h e r e a s n o n e o f t h e c u r r e n t sites w h e r e I C R A F w o r k s i n t h e 
eas te rn A f r i c a n h igh lands c o u l d b e c o n s i d e r e d s e m i - a r i d , t h e I C R A F East a n d 
C e n t r a l A f r i c a Regiona l P r o g r a m i s p l a n n i n g t o e x t e n d i t s w o r k i n s e m i - a r i d 
areas. I n t h i s paper , w e f i r s t o u t l i n e se l ec t ed expe r i ences a n d chal lenges i n 
d e v e l o p i n g t e c h n o l o g y a n d assessing a d o p t i o n i n t h e Sahel , f ocus ing o n l i v e 
fences a n d f o d d e r banks . N e x t w e r e v i e w w o r k a t Tabora , Shinyanga, a n d 
H a r a r e f o c u s i n g o n f o d d e r banks , w o o d l o t s , a n d i m p r o v e d f a l l o w s f o r 
i m p r o v i n g so i l f e r t i l i t y . W e t h e n discuss exper i ences p r o m o t i n g ag ro fo res t ry 
p rac t i ces i n t h e d r y lands o f East a n d C e n t r a l A f r i c a . Se l ec t ed cases i n c l u d e 
those w h e r e cons ide rab l e a d o p t i o n has t a k e n p lace as w e l l a s those w h e r e 
a d o p t i o n has b e e n l i m i t e d . F i n a l l y w e o u t l i n e some o f t h e lessons l e a r n e d 
r e l a t e d t o t h e d e v e l o p m e n t a n d a d o p t i o n o f ag ro fo res t ry p rac t ices . 
1. World Agroforestry Center (ICRAF), Nairobi, Kenya. 
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Figure 1. Sites in Afr ica w h e r e ICRAF is w o r k i n g . 
Table 1 . I C R A F partner s i tes in the semi -ar id t rop ics . 
Mean 
annual 
rainfall 
Site (mm) 
Segou, 600 
Mali 
Shinyang 850 
and 
Tabora, 
Tanzania 
Harare, 900 
Zimbabwe 
Altitude 
(m) 
280 
1200 
1475 
Farming 
systems 
Sorghum-
millet-
livestock 
Maize-
tobacco 
Maize-
livestock 
Main agroforestry 
intervention 
Live fences around 
off-season 
vegetable gardens 
Woodlots to provide 
fuelwood for curing 
tobacco and for 
domestic use 
Fodder shrubs for 
peri-urban dairy 
Other agroforestry 
interventions 
Fodder banks for 
sheep/goat fattening, 
improved local fruit 
cultivars 
Fodder banks for 
peri-urban dairy, 
improved tree fallows 
for soil fertility, improved 
local fruit cultivars 
Improved shrub fallows, 
improved local fruit varieties 
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A t each si te, a c o m m o n approach was used t o i d e n t i f y p r o b l e m s a n d 
possible so lu t ions . F i rs t , an in t e rd i sc ip l ina ry , in te r -organiza t iona l t e a m was 
i d e n t i f i e d t o c o n d u c t i n f o r m a l diagnost ic a n d design studies t o i d e n t i f y f a rmer s ' 
p r o b l e m s a n d o p p o r t u n i t i e s w h e r e agrofores t ry c o u l d c o n t r i b u t e t o i m p r o v i n g 
h o u s e h o l d w e l f a r e . M o s t o f these surveys t o o k place i n t h e late 1980s a n d ear ly 
1990s. T h e t eams i n v o l v e d b o t h I C R A F a n d representat ives o f na t iona l 
a g r i c u l t u r a l research systems ( N A R S ) o f t h e reg ion . F o l l o w i n g t h e surveys, t h e 
t eams l a u n c h e d co l l abo ra t ive research and d e v e l o p m e n t p rograms i n v o l v i n g 
b o t h on - s t a t i on a n d o n - f a r m e x p e r i m e n t s a n d f o l l o w - u p surveys. 
The Sahel 
T h e W e s t A f r i c a s e c t i o n o f t h e Sahel i s a n a r r o w s t r i p o f 7 0 0 0 0 0 k m 2 o f l a n d , 
c o v e r i n g less t h a n h a l f o f t h e t o t a l area i n Senegal, M a l i , B u r k i n a Faso a n d 
N i g e r . W i t h a p o p u l a t i o n o f 3 6 . 4 m i l l i o n i n 1 9 9 3 , t h e s e m i - a r i d l o w l a n d s 
a c c o u n t f o r 5 3 % o f t h e t o t a l p o p u l a t i o n o f t h e f o u r c o u n t r i e s . T h e area i s 
c h a r a c t e r i z e d b y l o w a n d h i g h l y u n p r e d i c t a b l e r a i n f a l l p a t t e r n s ( 4 0 0 - 1 0 0 0 
m m yea r - 1 ) w i t h a n i n e - m o n t h d r y season p e r year, a n d f r e q u e n t p e r i o d s o f 
d r o u g h t c o u p l e d w i t h h i g h t e m p e r a t u r e s o f t e n r each ing l e t h a l levels o f 4 0 -
5 0 ° C . T h e r e g i o n also has a h i g h p o p u l a t i o n g r o w t h ra te ( 3 % p e r a n n u m ) t h a t 
exceeds g r o w t h i n f o o d p r o d u c t i o n ( 2 % p e r a n n u m ) , w h i c h has l e d t o 
c o n t i n u o u s d e c l i n e i n p e r cap i t a f o o d p r o d u c t i o n a n d i n c o m e s since 1 9 8 0 . 
T h i s set o f c i r c u m s t a n c e s has l e d t o acce le ra ted d e g r a d a t i o n o f t h e n a t u r a l 
resources base by a p o v e r t y - s t r i c k e n p o p u l a t i o n f o r c e d to o v e r e x p l o i t soils, 
rangelands a n d fores ts i n o r d e r t o subsist . 
S o i l e ros ion , because o f l o w v e g e t a t i o n cove r a t c e r t a i n c r u c i a l p e r i o d s o f 
t h e year, i s a n o t h e r d e g r a d i n g fac tor . E s t i m a t e d a t 1 0 t i m e s o f t h e l eve l o f 
n a t u r a l so i l f o r m a t i o n , so i l e ros ion affects 7 2 % o f arable l a n d . S o i l los t t h r o u g h 
e r o s i o n has b e e n e s t i m a t e d a t 2.5 t i m e s r i c h e r i n n u t r i e n t s t h a n t h e r e m a i n i n g 
soils . W o o d c o n s u m p t i o n , p a r t i c u l a r l y f i r e w o o d f o r hea t i ng a n d c o o k i n g , i s one 
o f t h e m o s t i m p o r t a n t acce le ra t ing fac tors o f d e f o r e s t a t i o n , a f f e c t i n g 9 0 % o f 
t h e Sahe l ian r e g i o n . T h e annua l ra te o f f i r e w o o d c o n s u m p t i o n exceeds t h e 
m e a n a n n u a l g r o w t h o f t r e e s tocks a n d fo res t reserves b y 3 0 % . A f f o r e s t a t i o n 
e f f o r t s are i n s u f f i c i e n t , c o v e r i n g yea r ly o n l y 1-3% o f t h e d e f o r e s t e d areas. 
O v e r g r a z i n g i s a n o t h e r c r u c i a l f ac to r t h a t i s e x a c e r b a t i n g l a n d 
d e g r a d a t i o n . I t has caused t h e d isappearance o f n u t r i e n t - r i c h p e r e n n i a l 
grasses, a n d t h e i r r e p l a c e m e n t w i t h annua l grasses a n d u n p a l a t a b l e p l a n t s . 
Because o f t h e d e c l i n e i n c r o p y i e l d , a g r i c u l t u r a l a c t i v i t i e s are sp read ing t o 
m a r g i n a l lands a n d areas t r a d i t i o n a l l y u s e d b y l i v e s t o c k l e a d i n g t o n u m e r o u s 
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c o n f l i c t s b e t w e e n a g r i c u l t u r i s t s a n d pas tora l i s t s , p e o p l e w i t h d i f f e r e n t a n d 
o f t e n c o n f l i c t i n g l a n d use r i g h t s . 
T h e m a n i f e s t a t i o n s o f these f ac to r s are: 
• L o w a g r i c u l t u r a l c r o p p r o d u c t i o n , w i t h y i e l d o f t h e m a j o r f o o d c rops 
r a n g i n g b e t w e e n 2 0 0 - 5 0 0 kg ha - 1 p e r year w i t h a p o t e n t i a l o f 2 .5 t o n s ha -1 
p e r year; 
• L o w a n i m a l p r o d u c t i v i t y w i t h d a i l y l i v e w e i g h t ga in ( c a t t l e ) o f 7 0 - 1 5 0 g 
animal" 1 p e r h a w i t h a gene t i c p o t e n t i a l o f 7 5 0 g a n i m a l - 1 p e r day; 
• G e n e r a l c h r o n i c f o o d i n s e c u r i t y w i t h cereals i m p o r t a t i o n e s t i m a t e d a t 15 -
2 0 % o f t h e r eg ion ' s f o o d s u p p l y i n a n o r m a l year. 
S a h e l i a n f a r m e r s have b e e n c o m i n g u p w i t h severa l n e w w a y s t o 
i m p r o v e t h e i r o w n f o o d a n d n u t r i t i o n a l s e c u r i t y a n d l i v i n g s t anda rds b y 
g e n e r a t i n g cash, t h r o u g h f a r m i n g a n d n o n - f a r m i n g a c t i v i t i e s . O n e i m p o r t a n t 
n e w a c t i v i t y t akes advan tage o f t h e l o n g a n d o t h e r w i s e u n p r o d u c t i v e d r y 
season, d u r i n g w h i c h f a r m e r s can gene ra t e cash b y g r o w i n g m a r k e t c r o p s -
vege tab les , f r u i t s , cassava - i n s m a l l m a r k e t ga rdens t h a t t h e y w a t e r b y h a n d , 
u s i n g l o c a l w e l l s o r s t r e a m s . H o w e v e r , f r e e - r o a m i n g a n d h u n g r y l i v e s t o c k 
d u r i n g t h e a n n u a l n i n e - m o n t h d r o u g h t are a m a j o r o b s t a c l e t o t h e success o f 
t h e s e m a r k e t ga rdens . T o p r e v e n t d e s t r u c t i o n o f t h e i r v a l u a b l e cash c r o p s , 
f a r m e r s have b e e n f e n c i n g o f f t h e i r m a r k e t ga rdens w i t h " d e a d " m a t e r i a l -
w o o d , t h o r n y b r a n c h e s o r c r o p r e s idues s u c h a s m i l l e t a n d s o r g h u m s ta lks . 
B u t , t h e r e are d r a w b a c k s t o t he se d e a d fences . C o n s i d e r a b l e a m o u n t s o f 
t i m e a n d e n e r g y are s p e n t c o l l e c t i n g t h e i n c r e a s i n g l y scarce w o o d y m a t e r i a l s 
n e e d e d t o enc lose a g a r d e n . L i v i n g t r e e a n d s h r u b s s u f f e r f r o m ove r -
e x p l o i t a t i o n a s f a r m e r s l o p t h e m t o p r o c u r e t h e b r a n c h e s t h e y n e e d . T h i s 
also adds t o t h e p re s su re o n t h e i n c r e a s i n g l y sparse n a t u r a l v e g e t a t i o n i n 
f i e l d s a n d c o m m u n a l l ands - e x a c e r b a t i n g d e f o r e s t a t i o n a n d d e s e r t i f i c a t i o n . 
F u r t h e r m o r e , t h e c r o p r e s idues u s e d i n d e a d fences are n o l o n g e r ava i l ab le 
f o r s o i l p r o t e c t i o n a n d n u t r i e n t c y c l i n g i n t h e f a r m i n g s y s t e m . 
A n a g r o f o r e s t r y o p t i o n based o n f a r m e r s ' p r a c t i c e s , l i v e fences o r 
hedges , w a s d e v e l o p e d , t e s t e d a n d d i s s e m i n a t e d i n t h e las t 1 0 years i n t h e 
S a h e l i a n r e g i o n . T h e m a i n advantages o f t h e l i v e f e n c e species t h a t I C R A F 
a n d p a r t n e r s are e x t e n d i n g i n t h e Segou r e g i o n are t h a t t h e y are fas te r 
g r o w i n g t h a n t r a d i t i o n a l species a n d t h a t t h e y p r o v i d e b y - p r o d u c t s t h a t c a n 
b e s o l d o r u s e d b y t h e h o u s e h o l d . S o m e o f t h e m o s t success fu l fences are 
m a d e up of a c o m b i n a t i o n of species s u c h as Acacia nilotica, A. Senegal, 
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Bauhinia rufescens a n d Ziziphus mauritiana. T h e s e t r ees p r o v i d e g u m a n d 
f r u i t s f o r c o n s u m p t i o n a n d f o r sale. I n i t s s e c o n d yea r a f t e r p l a n t i n g , f r u i t 
p r o d u c t i o n f r o m a 2 0 0 m f e n c e o f Z . mauritiana w a s e s t i m a t e d t o b e w o r t h 
U S $ 1 0 0 . 
E c o n o m i c i m p a c t o f l i v e fences was assessed i n B u r k i n a Faso, 
d e m o n s t r a t i n g t h a t t h e usua l dry-season ga rden o f 0 . 25 h a generates a b o u t 
U S $ 4 0 0 p e r year i n gross r evenue ; eve ry 1 0 % e x p a n s i o n o f area t h e r e f o r e 
resu l t s i n a U S $ 4 0 increase i n r e v e n u e a t a cos t o f o n l y U S $ 6 f o r t h e l i v i n g 
fence . I n t h e Segou area, w i d e s p r e a d d i s s e m i n a t i o n o f t h e p r a c t i c e began i n 
1 9 9 7 a n d b y 2 0 0 1 a b o u t 1 1 0 0 f a r m e r s h a d p l a n t e d t h e m ( A y u k 1 9 9 7 ; 
B o n k o u n g o u e t a l . 1 9 9 8 ) . M a i n cons t r a in t s t o a d o p t i o n i n c l u d e d : 
( 1 ) L a c k o f p l a n t i n g m a t e r i a l a n d l a ck o f t e c h n i c a l i n f o r m a t i o n a b o u t 
e s t ab l i sh ing nurser ies a n d t r a n s p l a n t i n g seedlings. 
( 2 ) L a c k o f l a b o r f o r p l a n t i n g nurser ies a n d t r a n s p l a n t i n g seedl ings. W h e r e a s 
d e a d fences r e q u i r e m o r e l a b o r t h a n l i ve fences on an annua l basis, l i v e 
fences do r e q u i r e cons ide rab le i n p u t s a t spec i f ic p e r i o d s s u c h as f o r 
p l a n t i n g a n d w e e d i n g . 
( 3 ) S o m e t r a d i t i o n a l leaders resis t l i v e fences because t h e fences are seen to 
c o m p r o m i s e t h e i r r o l e i n a l l o c a t i n g l a n d a m o n g c o m m u n i t y m e m b e r s . 
Severa l o t h e r p rac t i ces are b e i n g d i s s e m i n a t e d successful ly i n t h e Sahel . 
For e x a m p l e , a p p r o x i m a t e l y 1 1 , 0 0 0 f a r m e r s have p l a n t e d i m p r o v e d va r i e t i e s 
o f Z . mauritiana t h a t p r o d u c e f r u i t s up to 10 t i m e s a s large a s l o c a l va r i e t i e s . 
A b o u t 6 0 0 f a r m e r s have p l a n t e d baobab (Adansonia digitata) f o o d banks , 
p r o v i d i n g f resh leaves o f t h e reg ion ' s s taple vege tab le t h r o u g h o u t t h e year, f o r 
h o m e c o n s u m p t i o n a n d m a r k e t i n g . A n i n t r o d u c e d p r a c t i c e w i t h m u c h less 
success i n v o l v e s f o d d e r shrubs , s u c h as Gliricidia sepium a n d Pterocarpus 
lucens. T h e s e species w e r e i n t r o d u c e d t o address t h e l ack o f h i g h - q u a l i t y f e e d 
d u r i n g t h e d r y season a n d f a r m e r s ' i n t e r e s t i n f a t t e n i n g sheep f o r sale f o r 
fes t iva ls . T h e m a i n c o n s t r a i n t s t o a d o p t i o n i n c l u d e t h e n e e d f o r p r o t e c t i o n 
d u r i n g t h e d r y season ( f a r m e r s p r e f e r t o p l a n t h i g h e r va lue c rops i n t h e i r 
f e n c e d - i n off-season gardens, s u c h a s vegetables) a n d t h e h i g h cos t o f 
nurser ies , r e l a t i v e t o t h e b e n e f i t s o f f o d d e r p r o d u c t i o n . C u r r e n t research 
focuses o n t h e p l a n t i n g o f c u t t i n g s , t o rep lace c o s t l y nurser ies . Researchers are 
also e x p l o r i n g t h e p l a n t i n g o f dense stands, t o m i n i m i z e t h e area n e e d e d 
w i t h i n off-season gardens . 
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Harare, Z i m b a b w e , and Shinyanga and Tabora, 
Tanzania 
L a r g e c i t i e s s u c h as H a r a r e a n d t o w n s s u c h as Sh inyanga a n d Tabora share a 
c o m m o n f e a t u r e t h r o u g h o u t s e m i - a r i d eas te rn a n d s o u t h e r n A f r i c a : a r a p i d l y 
g r o w i n g d a i r y sector . M i l k d e m a n d a n d p r o d u c t i o n are c o n c e n t r a t e d a r o u n d 
t o w n s a n d c i t i e s w h e r e i n c o m e s are r e l a t i v e l y h i g h a n d m a r k e t i n g costs are 
r e l a t i v e l y l o w . F u r t h e r m o r e , f a r m sizes are also s m a l l e r i n these p e r i - u r b a n 
areas, e x a c e r b a t i n g f e e d c o n s t r a i n t s . I n fac t , t h e l o w q u a l i t y a n d q u a n t i t y o f 
f e e d resources i s t h e grea tes t c o n s t r a i n t t o i m p r o v i n g t h e p r o d u c t i v i t y o f 
l i v e s t o c k i n sub-Saharan A f r i c a ( W i n r o c k I n t e r n a t i o n a l 1 9 9 2 ) . 
W h i l e f a r m e r s have successful ly g r o w n grasses ( N a p i e r , Bana, Cynodon 
spp . , Chloris gay ana) to p r o v i d e energy, t h e y have b e e n l a rge ly unsuccess fu l in 
g r o w i n g he rbaceous l egumes . Species s u c h as Macroptilium atropurpureus, 
Stylosanthes guainensis a n d Chaemacrista rotundifolia have n o t b e e n 
p r o d u c t i v e a n d have f a i l e d t o pers i s t u n d e r t h e levels o f m a n a g e m e n t t h a t 
o b t a i n i n these s m a l l h o l d e r f a r m s ( C l a t w o r t h y e t a l . 1 9 8 5 ) . T h u s , m a n y 
f a r m e r s e i t h e r have v e r y l o w p r o d u c t i v i t y o r b u y e x p e n s i v e p r o t e i n 
c o n c e n t r a t e s t o m e e t t h e p r o t e i n needs o f t h e i r c o w s . 
Severa l h u n d r e d f a r m e r s a r o u n d e a c h o f t h e t h r e e c i t i e s / t o w n s have 
p l a n t e d f a s t - g r o w i n g l e g u m i n o u s shrubs t o a l l ev ia t e t h e i r f e e d p r o b l e m s . M a i n 
species i n c l u d e Acacia angustissima a n d Leucaena leucocephala in Tanzania 
a n d Z i m b a b w e a n d Calliandra calothyrsus and Cajanus cajan in Z i m b a b w e . 
F o d d e r f r o m these sh rubs i s r i c h i n p r o t e i n a n d u n l i k e grass species t h e s h r u b 
leaves m a i n t a i n t h e i r levels o f p r o t e i n e v e n d u r i n g t h e d r y season. Fa rmer s use 
t h e f o d d e r t r ees e i t h e r t o increase m i l k p r o d u c t i o n o r a s a s u b s t i t u t e f o r t h e 
e x p e n s i v e p r o t e i n c o n c e n t r a t e . 
T h e e x p a n s i o n o f t r e e f o d d e r p l a n t i n g s a t least o n c e a f t e r t h e i n i t i a l 
i n t r o d u c t i o n s was t a k e n a s a n i n d i c a t o r o f a d o p t i o n . O u t o f 5 5 f a r m e r s w h o 
p l a n t e d i n C h i k w a k a area a r o u n d H a r a r e i n 1 9 9 6 / 9 7 o r ear l ier , 4 0 ( 7 3 % ) 
e x p a n d e d t h e i r t r e e f o d d e r p l o t s a t least o n c e ( H o v e e t a l . 2 0 0 1 ) . I n 
e x p a n d i n g , m o s t f a r m e r s ( 5 7 % ) u s e d seedl ings f r o m t h e i r o w n nurser ies , 
r eve r s ing t h e t r e n d i n f i r s t p l a n t i n g s t o r e l y o n seedl ings f r o m I C R A F . T h e 
m e a n n u m b e r o f t rees p e r f a r m e r was 3 0 5 ( S D 3 3 4 ) . T w o - t h i r d s h a d m o r e 
t h a n 1 0 0 t rees each . M o s t o f t h e f a r m e r s p l a n t e d t h e t rees i n areas r e se rved 
f o r forage p r o d u c t i o n . H a l f o f t h e f a r m e r s p l a n t e d t h e t rees a s p u r e s tands 
w h i l e h a l f i n t e r c r o p p e d , p r i m a r i l y w i t h N a p i e r grass o r o t h e r f o d d e r species. 
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S u r v i v a l rates f r o m t h e f i r s t p l an t i ngs w e r e l o w b u t inc reased 
s i g n i f i c a n t l y i n l a t e r p l an t i ngs . For e x a m p l e , s u r v i v a l rates averaged 4 2 % ( S D 
3 7 % ) i n f a r m e r s ' f i r s t p l an t i ngs b u t inc reased t o 7 2 % f o r l a t e r p l an t ings . These 
da ta suggest t h a t f a r m e r s have g a i n e d va luab le e x p e r i e n c e ove r t i m e , w h i c h 
r e s u l t e d i n inc reased s u r v i v a l rates. Fa rmers a t t r i b u t e d l o w su rv iva l rates t o 
d r o u g h t , b r o w s i n g , t e r m i t e s , w a t e r logg ing a n d la te p l a n t i n g . G e n e r a l 
p r o b l e m s l i m i t i n g t r e e g r o w t h w e r e t e r m i t e s ( 4 1 % o f a l l p l a n t i n g s ) , b r o w s i n g 
( 1 6 % ) , d r o u g h t ( 1 1 % ) a n d w a t e r logg ing ( 1 0 % ) . O t h e r p r o b l e m s l i m i t i n g t h e 
sp read o f t h e p r a c t i c e i n c l u d e d l a c k o f seed a n d ski l l s i n es tab l i sh ing nurser ies 
a n d t r a n s p l a n t i n g ( H o v e e t a l 2 0 0 1 ) . 
W o o d l o t s are a n o t h e r ag ro fo re s t ry p r a c t i c e t h a t has b e e n w i d e l y a d o p t e d 
b y o v e r 1 0 0 0 f a r m e r s a r o u n d Sh inyanga a n d Tabora . These areas w e r e 
d e n u d e d i n t h e ea r ly years o f t h e 2 0 t h c e n t u r y a s p a r t o f a c a m p a i g n b y 
c o l o n i a l a u t h o r i t i e s t o r i d t h e area o f t h e tsetse f l y . W o o d l o t s have p r o v e d 
espec ia l ly a t t r a c t i v e a r o u n d Tabora , w h e r e f a r m e r s use f u e l w o o d f o r c u r i n g 
t h e t o b a c c o t h e y g r o w . T h e bes t t r e e species f o r w o o d l o t s i n c l u d e Acacia 
crassicarpa a n d A. jurifera. F a r m e r s raise seedl ings in o n - f a r m nurser ies a n d 
p l a n t ma i ze b e t w e e n t h e t rees d u r i n g t h e f i r s t t w o years o f e s t a b l i s h m e n t . 
Fa rmers g r e a t l y app rec i a t e s u b s t i t u t i n g r e l a t i v e l y a b u n d a n t l a n d a n d slack 
season l abo r f o r scarce cash r e q u i r e d f o r p u r c h a s i n g f u e l w o o d t h a t i s ha rves t ed 
i n t h e fo res t a n d t r u c k e d t o t h e i r f a r m s . A d o p t i o n o f r o t a t i o n a l w o o d l o t s i n 
Tabora D i s t r i c t a lone can conserve 8 6 7 5 h a fo r e s t p e r year, o r 0 . 8 % o f t o t a l 
w o o d e d area i n t h e d i s t r i c t . 
T h e p r o f i t a b i l i t y o f r o t a t i o n a l w o o d l o t s was assessed b y c o m p a r i n g i t 
w i t h a m a i z e - f a l l o w r o t a t i o n , because f a r m e r s p l a n t e d w o o d l o t s o n f i e l d s t h a t 
t h e y i n d i c a t e d w o u l d have b e e n u s e d f o r g r o w i n g ma ize f o r 2 years f o l l o w e d 
b y a 3-year f a l l o w . W o o d w a s v a l u e d a t t h e p r i c e f a r m e r s pay t o have i t 
d e l i v e r e d f r o m fores ts . I n sp i t e o f h i g h e r costs a n d a longer p a y o f f p e r i o d , t h e 
w o o d l o t a c h i e v e d r e t u r n s t o l a n d 6.3 t i m e s greater, a n d r e t u r n s t o l abo r 2 . 0 
t i m e s greater , t h a n t h e m a i z e - f a l l o w sys t em. A h o u s e h o l d w i t h 1.33 h a u n d e r 
w o o d l o t , p l a n t i n g a n d h a r v e s t i n g p o r t i o n s o f 0 . 2 6 5 h a each year, w o u l d b e able 
t o p r o v i d e e n o u g h w o o d t o m e e t i t s t o b a c c o c u r i n g a n d d o m e s t i c needs each 
year. S u c h a h o u s e h o l d w o u l d use 7 5 w o r k d a y s a n d ea rn U S $ 1 8 0 , 3 .4 t i m e s 
t h e n e t r e t u r n s t h a t a f a m i l y w o u l d earn us ing t h e same a m o u n t o f l a b o r t o 
p r o d u c e m a i z e . 
F a r m e r s ' i n t e r e s t i n p l a n t i n g m o r e o f t h e t rees was e x t r e m e l y h i g h ; 8 7 % 
e x p a n d e d t h e i r area u n d e r w o o d l o t s , increas ing f r o m 0 . 0 7 - 0 . 1 6 h a i n t h e 
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e x p e r i m e n t a l p l o t s t o 0 .5 t o 0 .8 h a p e r f a r m . F a r m e r s ' i n t e r e s t i s e n h a n c e d 
because l a n d i s p l e n t i f u l , a n d m a i z e can b e g r o w n i n t h e p l o t d u r i n g t h e f i r s t 
t w o years o f t r e e e s t a b l i s h m e n t . Research a n d d e v e l o p m e n t p r o j e c t s can 
b e n e f i t i n d i v i d u a l f a r m e r s a n d soc i e ty b y h e l p i n g t h e m t o m a k e t h e t r a n s i t i o n 
f r o m d e p l e t i n g fo r e s t resources t o p l a n t i n g t rees o n t h e i r o w n f a r m s . 
I m p r o v e d t r e e f a l l o w s f o r i m p r o v i n g so i l f e r t i l i t y , i n con t r a s t , have n o t 
b e e n a d o p t e d b y m a n y f a r m e r s a r o u n d Tabora . Soi ls t e n d t o b e sandy, l i m i t i n g 
t r e e g r o w t h a n d t h u s t h e b i o p h y s i c a l p e r f o r m a n c e o f t h e p r a c t i c e . 
F u r t h e r m o r e , l a n d i s n o t p a r t i c u l a r l y l i m i t i n g , s o f a r m e r s have less i n t e r e s t i n 
d e v o t i n g l a b o r t o i nc reas ing m a i z e y i e l d s . B u t i m p r o v e d f a l l o w s have b e e n 
w i d e l y a d o p t e d i n Eas t e rn P r o v i n c e , Z a m b i a , w h e r e r a i n f a l l i s s o m e w h a t 
h ighe r , soils are less sandy, a n d p o p u l a t i o n dens i t i e s are h igher . 
Agroforestry technology adopt ion trends in 
arid and semi-arid lands of East and Central 
Africa 
I C R A F ' s East a n d C e n t r a l A f r i c a ( E C A ) r eg iona l p r o g r a m h a d a n ac t ive 
a g r o f o r e s t r y p r o j e c t a t M a c h a k o s D i s t r i c t , K e n y a , b e t w e e n 1 9 8 2 a n d 1 9 9 5 . 
U p o n c lo su re o f t h e p r o g r a m f o r b u d g e t a r y reasons, w e have l i t t l e d i r e c t 
e n g a g e m e n t i n t h e a r i d a n d s e m i - a r i d l ands ( A S A L s ) o f E C A b u t c o n t i n u e d 
i n d i r e c t l y t h r o u g h c o l l a b o r a t i v e a c t i v i t i e s w i t h m a n y resea rch a n d 
d e v e l o p m e n t p a r t n e r s . T h e k e y ones i n K e n y a i n c l u d e : 
a ) K E F R I ( K e n y a F o r e s t r y Research I n s t i t u t e ) , A R I D S A K ( A r i d a n d S e m i -
a r i d K e n y a ) a t K i b w e z i , 
b ) K E F R I / J I C A (Japan I n t e r n a t i o n a l C o o p e r a t i o n A g e n c y ) , S O F E M ( S o c i a l 
F o r e s t r y a n d E x t e n s i o n P r o j e c t ) a t K i t u i , 
c ) K A R I ( K e n y a A g r i c u l t u r a l Research I n s t i t u t e ) , K a t u m a n i D r y l a n d Research 
C e n t r e a n d , 
d ) M e r u D r y l a n d F a r m i n g P r o j e c t ( M D F P ) . 
W e i n t e r a c t s i g n i f i c a n t l y w i t h M D F P t h r o u g h I C R A F ' s F lagsh ip Tree 
N u r s e r y P r o g r a m m e . S o m e o f t h e p r o m i s i n g a g r o f o r e s t r y t e c h n o l o g i e s 
d e v e l o p e d a n d p r o m o t e d b y these p r o j e c t s are d e s c r i b e d b e l o w : 
T i m b e r p r o d u c t i o n . M e l i a v o l k e n s i i i s o n e i n d i g e n o u s h a r d w o o d p r o m o t e d b y 
t h e K E F R I / J I C A p r o j e c t . I t i s fast g r o w i n g a n d p r o d u c e s m a r k e t a b l e t i m b e r i n 
a b o u t 1 5 years . I t has g o o d f o d d e r va lue . W o o d l o t s o f m e l i a ( a n d o t h e r species 
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s u c h a s e u c a l y p t u s ) are c o m m o n a n d o f t e n m o r e p r e f e r r e d t h a n b o u n d a r y i n 
o r d e r t o r e d u c e c o m p e t i t i o n w i t h c rops . W i d e - s c a l e p l a n t i n g o f m e l i a was , f o r 
a l o n g t i m e , l i m i t e d b y i t s h a r d a n d d i f f i c u l t - t o - g e r m i n a t e seeds. Because o f 
h i g h f o d d e r va lue , l i v e s t o c k h e l p e d o v e r c o m e g e r m i n a t i o n p r o b l e m s once i t 
passed t h r o u g h t h e i r r u m e n s y s t e m . T h e p r o j e c t d e v e l o p e d a n a p p r o p r i a t e 
t e chno logy , u s ing loca l art isans, t h a t o v e r c o m e s g e r m i n a t i o n p r o b l e m s . As a 
r e s u l t o f t h i s b r e a k t h r o u g h , t h e r e i s increas ing a d o p t i o n o f t h i s t i m b e r t r e e i n 
K i t u i a n d n e i g h b o r i n g d i s t r i c t s . T h i s t r e n d i s e n c o u r a g e d b y t h e m u l t i p l e 
bene f i t s o f t h e t r e e - b o t h f o d d e r a n d w o o d . F o l l o w i n g t h e ban o n fo res t 
l ogg ing t h a t i s c u r r e n t l y o n i n K e n y a d e m a n d f o r m e l i a w o o d i s h i g h a m o n g 
t i m b e r m e r c h a n t s a n d t h e c o n s t r u c t i o n i n d u s t r y . I t i s b e c o m i n g a s u b s t i t u t e 
f o r p o p u l a r w o o d s u c h a s c a m p h o r a n d mahogany . T o address p o t e n t i a l 
shor t f a l l s i n p l a n t i n g ma te r i a l s , K E F R I ' s b i o t e c h n o l o g y research i s d e v e l o p i n g 
t e c h n i q u e s f o r c l o n a l p r o p a g a t i o n a t i t s K a r u r a c e n t e r in N a i r o b i . T h i s i s a 
t e c h n o l o g y t h a t c o u l d easi ly b e p i c k e d u p t h e p r i v a t e c o m m e r c i a l nurser ies . 
Fuelwood and charcoal. These are m a j o r p r o d u c t s f r o m t h e A S A L s w i t h 
f i r e w o o d b e i n g c o n s u m e d m o s t l y b y t h e r u r a l c o m m u n i t i e s a n d charcoa l b y 
t h e u r b a n ones. D e m a n d i s f a i r l y h i g h . M o s t o f t h e t rees c u r r e n t l y u s e d f o r 
these p r o d u c t s are i n d i g e n o u s h a r d w o o d s (e.g. acacia a n d t e r m i n a l i a species) . 
T h e d e m a n d f o r f u e l w o o d a n d cha rcoa l has d e s t r o y e d m a n y species a n d 
e n v i r o n m e n t s , p a r t i c u l a r l y those close t o u r b a n cen te rs . Several e x o t i c species 
l i k e casuarina t h a t are g o o d f o r b o t h f u e l w o o d a n d cha rcoa l have b e e n 
i n t r o d u c e d i n t o t h e A S A L s . H o w e v e r , t h e r e i s l i t t l e p l a n t i n g o f t rees f o r these 
p r o d u c t s . T h i s w i l l p r o b a b l y c o n t i n u e a s l o n g a s t h e r e i s f ree w o o d f r o m t h e 
fores ts a n d n a t i o n a l reserves. Poor l eg i s l a t ion a n d w e a k e n f o r c e m e n t o f 
e x i s t i n g l eg i s l a t i on also d i scourage f a rmer s f r o m p l a n t i n g t rees . For e x a m p l e i n 
m a n y areas o f K e n y a , f a r m e r s n e e d a p e r m i t t o c u t d o w n a t r e e o n t h e i r o w n 
f a r m . T h e t r o u b l e a n d costs i n c u r r e d are a s t r o n g d i s i n c e n t i v e f o r p l a n t i n g 
t rees . 
Windbreaks. M u l t i - r o w w i n d b r e a k s o n t h e w i n d w a r d s ide o f c rops i n c l u d i n g 
h a r d y species such as Shinus molle, leucaena a n d senna species are b e c o m i n g 
p o p u l a r . Trees p l a n t e d f o r w i n d b r e a k s also p r o v i d e w o o d a n d t i m b e r . T h e y 
also act a s b o u n d a r y m a r k e r s a n d have aes thet ic va lue . W i t h t h e g r o w i n g 
p o p u l a t i o n i n t h e A S A L s , p l a n t i n g o f w i n d b r e a k s i s l i k e l y t o c o n t i n u e , 
p a r t i c u l a r l y f o r b o u n d a r y m a r k i n g . P l a n t i n g t rees a s b o u n d a r i e s i s also o n e w a y 
t o m i n i m i z e c o m p e t i t i o n w i t h c rops a n d a v o i d i n t e r f e r i n g w i t h p l o w i n g l ines . 
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Fruit trees. M a n g o e s , c i t r u s a n d papaya are s o m e o f t h e p o p u l a r f r u i t p l a n t s i n 
t h e A S A L s . G r a f t e d mangoes are p a r t i c u l a r l y i n h i g h d e m a n d . T h e r e i s f a i r l y 
s k i l l e d l a b o r a m o n g f a r m e r s a n d p r i v a t e nurse r ies i n g r a f t i n g mangoes . 
P r o d u c t i o n i s also i m p r o v e d t h r o u g h w a t e r h a r v e s t i n g t e c h n i q u e s ( m i c r o -
c a t c h m e n t s ) a n d i r r i g a t i o n schemes . F a r m e r s are i d e n t i f y i n g m a r k e t s i n 
N a i r o b i a n d u r b a n cen te r s c lose t o t h e p o i n t s o f p r o d u c t i o n . W h i l e t h i s i s 
e n c o u r a g i n g a n d l i k e l y t o g r o w , t w o m a j o r p r o b l e m s face f r u i t p r o d u c t i o n : a ) 
seasonal i ty c r e a t i n g g l u t s a n d shor tages a n d , b ) pests a n d diseases, p a r t i c u l a r l y 
t h e A f r i c a n f r u i t f l y . Research i n v e s t m e n t i n b o t h i s essent ia l , p a r t i c u l a r l y i n 
d e v e l o p i n g m a r k e t s , i n t r o d u c i n g a w i d e range o f va r i e t i e s t h a t f r u i t a t d i f f e r e n t 
t i m e s , a n d i n t e g r a t e d pes t m a n a g e m e n t . 
Indigenous fruits. F r u i t s s u c h as t h e t a m a r i n d u s a n d b a o b a b are w i d e l y u s e d by 
t h e l o c a l p o p u l a t i o n . S o m e s u c h a s t h e f r u i t o f m a r u l a t r e e t h a t o c c u r s w i d e l y 
i n t h e A S A L s i s r a r e l y u sed . 
C o m m e r c i a l l i q u o r i s m a d e i n S o u t h A f r i c a f r o m t h e f r u i t s o f t h i s t r e e . 
F r o m t h e A S A L s o f eas te rn K e n y a , t h e r e i s s o m e l i m i t e d m a r k e t i n g o f 
t a m a r i n d u s a n d baobab t o u r b a n cen te r s , p a r t i c u l a r l y t h e coas ta l c i t i e s s u c h a s 
M o m b a s a w h e r e t h e y are u s e d f o r d r i n k s a n d i n c o o k i n g . T h e r e i s g rea te r 
scope f o r i m p r o v i n g b o t h t h e p r o d u c t i o n a n d m a r k e t i n g o f these species i n t h e 
f u t u r e t h a t i s c u r r e n t l y u n d e r u t i l i z e d c o m p a r e d w i t h t h e i r w i d e - s c a l e use i n 
reg ions s u c h a s t h e Sahel . T o w a r d s t h i s , c o l l a b o r a t i o n w i t h t h e Sahe l p r o g r a m s 
a n d p r o j e c t s w i l l b e necessary. 
Non-timber tree products (NTTPs) 
1 . O i l p r o d u c t s - I n t h e A S A L s o f eas t e rn U g a n d a , t h e shea b u t t e r t r e e g r o w s 
w e l l a n d t h e l o c a l p o p u l a t i o n has t r a d i t i o n a l l y u s e d shea f o r va r ious o i l s . 
O v e r t h e last 5 years , a U S A I D - s u p p o r t e d p r o j e c t has h e l p e d w i t h 
c o n s e r v a t i o n a n d p r o p a g a t i o n o f t h e t rees o n f a r m a s w e l l a s 
c o m m e r c i a l i z a t i o n o f t h e o i l p r o d u c t s . M a r k e t t r e n d s l o o k p r o m i s i n g f o r t h e 
shea p r o d u c t s a s m o r e u r b a n c o m m u n i t i e s b e c o m e aware o f i t , e spec ia l ly 
a m o n g t h o s e seek ing n a t u r a l o i l s a n d c r eams . 
2 . M e d i c i n a l s - M a n y p e o p l e i n t h e A S A L s r e l y o n p r o d u c t s f r o m t rees a n d 
sh rubs f o r t h e i r m e d i c i n e . T h e r e i s also r i c h i n d i g e n o u s k n o w l e d g e a n d l o c a l 
e x p e r t i s e o n t r a d i t i o n a l m e d i c i n e . W i t h t h e i nc reas ing costs o f m o d e r n 
m e d i c i n e against a b a c k d r o p o f l o w a n d decreas ing i n c o m e s a m o n g b o t h 
r u r a l a n d u r b a n c o m m u n i t i e s , t h e r e l i ance o n t r a d i t i o n a l m e d i c i n e i s l i k e l y 
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t o g r o w i n t h e f u t u r e . A v e r y p o p u l a r species f o r t h i s p u r p o s e i s t h e n e e m 
t r e e (Azadirachta indica) t h a t g r o w s easily in t h e A S A L s . A n o t h e r species 
t h a t is ga in ing p o p u l a r i t y is Moringa stenopetala t h a t can be used f o r 
p u r i f y i n g w a t e r . T h e c r u s h e d seed can clear t u r b i d w a t e r a n d has 
b a c t e r i c i d a l p r o p e r t i e s . Research a n d d e v e l o p m e n t e f fo r t s t o w a r d s 
d e v e l o p i n g m e d i c i n a l p r o d u c t s f r o m t rees a n d shrubs i n t h e A S A L s are, 
h o w e v e r , a t p r e s e n t l i m i t e d . 
3 . G u m s a n d resins - E t h i o p i a i s p r o b a b l y t h e leader i n t h e r eg ion i n 
p r o d u c t i o n , u t i l i z a t i o n a n d m a r k e t i n g o f these p r o d u c t s . P r o d u c t s such a s 
f r ank incense a n d m y r r h ( m o s t l y o f t h e Boswellia species) f o r m a s ign i f ican t 
c o m p o n e n t o f E t h i o p i a ' s e x p o r t s . A l o t o f i t i s also used local ly . F r o m t h e 
A S A L s o f n o r t h e r n K e n y a , s o m e l i m i t e d q u a n t i t i e s o f g u m s a n d resins o f 
Acacia Senegal are e x p o r t e d f o r use in t h e p h a r m a c e u t i c a l i ndus t ry . 
D e m a n d f o r these p r o d u c t s i s l i k e l y t o g r o w i n t h e f u t u r e i f m a t c h e d b y 
i n v e s t m e n t s i n i m p r o v i n g b o t h p r o d u c t q u a l i t y a n d m a r k e t i n g . 
4 . H o n e y p r o d u c t i o n - H o n e y c o n t i n u e s t o b e t h e m a i n p r o d u c t f r o m t h e 
A S A L s t h a t i s m a r k e t e d w i d e l y . Q u i t e a b i t o f l o c a l l y p r o d u c e d h o n e y i s 
b e g i n n i n g t o f i n d i t s w a y t o t h e s u p e r m a r k e t s especia l ly i n K e n y a . T h e r e are 
also s o m e g r o w i n g e x p o r t s , p a r t i c u l a r l y t o t h e c o u n t r i e s i n t h e M i d d l e East. 
T h i s t r e n d i s l i k e l y t o g r o w i f m o r e i n v e s t m e n t s are m a d e i n p r o d u c t q u a l i t y 
a n d m a r k e t i n g . 
Fodder species. Because o f t h e s igni f icance o f l i v e s t o c k i n t h e A S A L s , t rees a n d 
shrubs w i t h f o d d e r va lue are p o p u l a r a m o n g f a r m e r s i n t h e r eg ion . A w i d e 
range o f species ( b o t h e x o t i c a n d ind igenous ) are p r o m o t e d a n d p l a n t e d b y 
f a rmer s , a n d s o m e e x a m p l e s o f p r o m i s i n g e x o t i c species i n c l u d e m o r u s a n d 
leucaena species. E x t e n s i o n e f fo r t s are geared t o d i v e r s i f y i n g t h e range o f 
species avai lable . T h i s i s l i k e l y t o b e t h e t r e n d i n t h e f u t u r e . I C R A F ' s 
c o l l a b o r a t i v e research p r o g r a m is, f o r ins tance , screening several leucaena 
species i n t h e d r i e r M b e e r e D i s t r i c t o f eas tern K e n y a . E x i s t i n g soi l a n d w a t e r 
c o n s e r v a t i o n s t r u c t u r e s a long c o n t o u r l ines p r o v i d e a g o o d n i c h e f o r 
e s t ab l i sh ing f o d d e r t rees . T o w a r d s i m p r o v i n g f o d d e r supply , t rees a n d shrubs 
t h a t have o t h e r uses such as t i m b e r (e.g. Melia volkensii) w o u l d have grea ter 
accep tance a n d u t i l i t y . A cha l lenge to g u a r d against i s s o m e o f t h e species 
b e c o m i n g w e e d s . A n e x a m p l e o f t h i s i s Prosopis juliflora t h a t i s n o w b e c o m i n g 
a n eco log ica l disaster i n t h e A S A L s o f n o r t h e r n K e n y a a n d E t h i o p i a . 
I n s u m m a r y , t h e r e are a w i d e range o f t rees a n d t r e e p r o d u c t s t h a t are 
a l r eady b e i n g u s e d f o r va r ious purposes i n t h e A S A L s o f t h e E C A . U t i l i z a t i o n 
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is, h o w e v e r , l i m i t e d a n d o f t e n l o c a l i z e d . S o are t h e e f f o r t s o f t h e research a n d 
d e v e l o p m e n t pa r tne r s . W i t h i m p r o v e d c o o r d i n a t i o n o f e f f o r t s b y va r ious 
i n s t i t u t i o n s a n d w i t h a d d i t i o n a l resources f o r research a n d d e v e l o p m e n t , t rees 
a n d t h e i r p r o d u c t s can m a k e a s ign i f i can t c o n t r i b u t i o n t o w a r d s i m p r o v i n g 
r u r a l i n c o m e s , m i t i g a t i n g p o v e r t y a n d p r o t e c t i n g t h e e n v i r o n m e n t . I n m a n y 
areas i n t h e A S A L s , g r o w i n g t rees i s l i m i t e d b y p r o b l e m s o f pests ( i n p a r t i c u l a r 
t e r m i t e s ) , g raz ing b y l i v e s t o c k a n d w i l d l i f e , i n a d e q u a t e w a t e r a n d p l a n t i n g 
m a t e r i a l s . T h e biggest p r o b l e m , h o w e v e r , i s p o o r m a r k e t s a n d sk i l l s i n 
m a r k e t i n g o f t r e e p r o d u c t s . M i t i g a t i n g these chal lenges is, i n d e e d , t h e t h r u s t 
o f I C R A F ' s E C A f o r t h e A S A L s t h a t i s n o w b e i n g d e v e l o p e d i n p a r t n e r s h i p 
w i t h several research a n d d e v e l o p m e n t o rgan iza t ions i n t h e r e g i o n . 
Lessons learned in p romot ing adopt ion 
Several c r i t i c a l lessons can be d r a w n f r o m t h e above case s tud ies . F i r s t , 
a g r o f o r e s t r y of fe rs great p o t e n t i a l f o r i m p r o v i n g t h e w e l f a r e o f h o u s e h o l d s i n 
s e m i - a r i d areas w h i l e i m p r o v i n g e n v i r o n m e n t a l services a s w e l l . L i v e fences i n 
t h e Sahel a n d w o o d l o t s i n Tanzania are inc reas ing h o u s e h o l d i n c o m e s a s w e l l a s 
r e d u c i n g d e f o r e s t a t i o n . 
S e c o n d , a g r o f o r e s t r y appears t o b e m o s t a t t r a c t i v e t o f a r m e r s w h e n i t can 
s u b s t i t u t e r e l a t i v e l y s m a l l a m o u n t s o f l a n d a n d l abor f o r f a r m e r s ' m o s t scarce 
resource , cash. I m p o r t a n t e x a m p l e s are f a r m e r s ' s t r o n g i n t e r e s t i n f o d d e r 
shrubs as a s u b s t i t u t e f o r p u r c h a s e d concen t r a t e s a n d w o o d l o t s as a s u b s t i t u t e 
f o r p u r c h a s e d f u e l w o o d f o r t o b a c c o c u r i n g . 
T h i r d , m a n y ag ro fo re s t ry p rac t i ces can b e said t o b e i n f o r m a t i o n -
i n t e n s i v e and , t h e r e f o r e , t h e y w i l l n o t l i k e l y e x p a n d m u c h o n t h e i r o w n . 
F a c i l i t a t i o n i s u s u a l l y r e q u i r e d . For e x a m p l e , t o p r o m o t e f o d d e r t rees , f a r m e r s 
n e e d t o b e t r a i n e d i n e s t ab l i sh ing nurser ies , t r a n s p l a n t i n g seedlings, a n d 
f e e d i n g t r e e leaves t o c o w s . Pa r tne r sh ips w i t h a range o f d i f f e r e n t t y p e o f 
organiza t ions - g o v e r n m e n t e x t e n s i o n services, n o n - g o v e r n m e n t a l organizat ions , 
c o m m u n i t y based o rgan iza t ions a n d p r i v a t e businesses - are n e e d e d to 
p r o m o t e these p rac t i ces . F a r m e r exchange t o u r s can g r e a t l y assist so t h a t 
f a r m e r s i n areas w i t h o u t ag ro fo re s t ry p rac t i ces can see f o r t h e m s e l v e s h o w t h e 
p rac t i ces w o r k . 
F o u r t h , a f u r t h e r c o n s t r a i n t t o t h e a d o p t i o n o f c e r t a i n ag ro fo re s t ry 
p rac t i ce s i s labor , espec ia l ly d u r i n g b u s y p e r i o d s s u c h as t h e p l a n t i n g season. 
G r e a t e r e f f o r t s are n e e d e d t o r e d u c e t h e l a b o r r e q u i r e d f o r p l a n t i n g t rees . For 
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e x a m p l e , i m p r o v e d f a l l o w s i n v o l v i n g d i r e c t seeding, ins tead o f cos t ly 
nurser ies , a n d i n t e r c r o p p i n g t rees w i t h c rops d u r i n g t h e f i r s t year o f t r e e 
e s t a b l i s h m e n t are t w o prac t i ces t h a t r educe labor r e q u i r e m e n t s , m a k i n g 
p rac t i ces m o r e a t t r a c t i v e t o f a rmers . 
F i f t h , f ree graz ing i s a n i m p o r t a n t c o n s t r a i n t t o t r ee g r o w i n g i n a l l t h r e e 
regions; d u r i n g t h e d r y season l i ve s tock are n o t c o n t r o l l e d and y o u n g t rees 
n e e d t o b e p r o t e c t e d . M o r e e f fo r t s are n e e d e d a t t h e loca l l eve l t o h e l p t h e 
va r ious s t akeho lde r s resolve these p r o b l e m s ; some p r o m i s i n g d e v e l o p m e n t s 
are b e g i n n i n g t o e m e r g e i n Z a m b i a ( A j a y i 2 0 0 2 ) . 
F i n a l l y grea te r f a r m e r p a r t i c i p a t i o n i n t h e des ign, t e s t i ng , eva lua t ion , a n d 
d i s s e m i n a t i o n o f ag ro fo re s t ry p rac t i ces can g rea t ly increase t h e effect iveness 
a n d e f f i c i e n c y o f t h e t e c h n o l o g y d e v e l o p m e n t process. 
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Evolution of 
Agricultural Research Organizations 
T e c h n o l o g i c a l change takes p lace t h r o u g h i n s t i t u t i o n s , w h e t h e r f o r 
d e v e l o p m e n t a n d d i s s e m i n a t i o n ( research, e x t e n s i o n , p o l i c y ) o r f o r 
a d o p t i o n ( m a r k e t s , c r e d i t , i n p u t s u p p l y ) . T h i s session focuses o n 
t h e n a t u r e a n d f u n c t i o n i n g o f i n s t i t u t i o n s , a n d h o w t h e y c o u l d b e 
s t r e n g t h e n e d i n o r d e r t o speed change. O n e aspect i s b r o a d e r 
p a r t n e r s h i p s w i t h b o t h c o n v e n t i o n a l a n d n e w pa r tne r s i n c l u d i n g 
N G O s a n d espec ia l ly t h e p r i v a t e sector . A n o t h e r a n d m o r e 
f u n d a m e n t a l aspect i s a n e w p a r a d i g m f o r i n s t i t u t i o n a l 
a r r angemen t s , i .e . m o v e f r o m a n " o p t i m a l " b l u e p r i n t t o a m o r e 
a d a p t i v e f r a m e w o r k t h a t s u p p o r t s change, i n s t i t u t i o n a l l e a rn ing a n d 
i n n o v a t i o n , a n d responds m o r e q u i c k l y t o changes i n t h e e x t e r n a l 
e n v i r o n m e n t . T h i s n e w s y s t e m w o u l d m o v e away f r o m t r a d i t i o n a l 
N A R S - l e d a r r angemen t s t o w a r d s n e w i n s t i t u t i o n a l a r r angemen t s 
t h a t i n c l u d e a m u c h b r o a d e r a n d m o r e d y n a m i c range o f pa r tne r s . 
Research pa r tne r s w o u l d d e f i n e t h e i r roles w i t h i n t h e c o n t e x t o f 
these b road-based sys tems. 

Evolution of collaboration between NARS, 
SROs and lARCs: Patterns and prospects 
L e w i s K M u g h o g h o 1 
T h e I n t e r n a t i o n a l A g r i c u l t u r a l Research C e n t e r s , I A R C s , a lone, c a n n o t d o 
e v e r y t h i n g i n t h e R & D c h a i n . T h e y can h o w e v e r f u l f i l l t h e i r goals t h r o u g h 
c o l l a b o r a t i o n . 
D u r i n g t h e past 1 5 years I A R C s ' c o l l a b o r a t i o n i n a g r i c u l t u r a l R & D 
f o c u s e d o n p l a c e m e n t o f I A R C scient is ts i n n a t i o n a l p rog rams , e s t a b l i s h m e n t 
o f r eg iona l cen te r s w i t h t e a m s o f sc ient is ts , a n d w o r k i n g w i t h N a t i o n a l 
A g r i c u l t u r a l Research Sys t ems , N A R S , d i r e c t l y f r o m headquar t e r s . Sub-
reg iona l r esea rch o rgan iza t ions , S R O s , w e r e es tab l i shed t o a r t i c u l a t e reg iona l 
p r i o r i t i e s , p r o m o t e r e g i o n a l c o o p e r a t i o n , a n d c o o r d i n a t e r eg iona l p ro jec t s a n d 
d o n o r s u p p o r t . S R O s u s e d I A R C s a s i m p l e m e n t i n g agents o f t h e i r r eg iona l 
p r o j e c t s . T h e r e was a m u l t i p l i c i t y o f c o m m o d i t y a n d o t h e r n e t w o r k s . T h e 
s y s t e m was d o m i n a t e d b y t h e I A R C w i t h cons ide rab le d o n o r i n f l u e n c e i n 
f u n d i n g p r o j e c t s a n d n e t w o r k s . 
T h e p rospec t s f o r t h e e v o l u t i o n o f a g r i c u l t u r a l R & D over t h e n e x t 10-15 
years i n c o n t a i n e d i n a n u m b e r o f r ecen t p o l i c y d o c u m e n t s . T h e M a y 2 0 0 1 
D u r b a n s t a t e m e n t b y heads o f F A R A , S P A A R , A S A R E C A , W E C A R D 
( C O R A F ) a n d S A C C A R set t h e agenda f o r R & D i n sub-Saharan A f r i c a . I t 
u r g e d t h e I A R C s t o fo rge m o r e e f f e c t i v e a n d e f f i c i e n t p a r t n e r s h i p s w i t h 
A f r i c a n N A R S a n d achieve grea ter p r o g r a m m a t i c i n t e g r a t i o n . T h i s can b e 
c h r i s t e n e d " T h e N e w P a r t n e r s h i p f o r A g r i c u l t u r a l D e v e l o p m e n t ( N E P A D ) " . 
I t a i m s a t h a v i n g N A R S a n d S R O s set t h e agenda based o n n a t i o n a l a n d 
r e g i o n a l p r i o r i t i e s a n d plans , cong ruence o f p r i o r i t i e s a n d i n t e g r a t i o n o f 
p r o g r a m s a m o n g a l l research pa r tne r s . I t also sough t a b r o a d e n e d a n d inc lu s ive 
p a r t n e r s h i p s w i t h p r o d u c e r s , agribusiness a n d c o n s u m e r organiza t ions , b e t t e r 
c o o r d i n a t i o n o f I A R C ac t i v i t i e s w i t h N A R S , i m p r o v e d o p e r a t i o n a l e f f ic iency , 
a n d c a p a c i t y b u i l d i n g f o r a s t ronger science base. 
Ye t , t h e r e are p r o b l e m s i n N A R S t h a t has i m p l i c a t i o n s f o r c o l l a b o r a t i o n . 
M a n y N A R S are f i n a n c i a l l y uns t ab l e a n d s c i e n t i f i c a l l y w e a k . T h i s i m p l i e s t h a t 
I A R C s w i l l b e c o m e m o r e i n v o l v e d i n t e c h n o l o g y exchange p r o g r a m s at 
n a t i o n a l l eve l t o ach ieve i m p a c t . I A R C s w i l l also n e e d t o r econs ide r capac i ty 
1. Tea Research Foundation, Mulanje, Malawi 
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b u i l d i n g i n N A R S i n o r d e r t o b u i l d a s c i e n t i f i c base f o r t e c h n o l o g y g e n e r a t i o n . 
B u d g e t a r y pressures also i m p l y t h a t I A R C s w i l l n e e d t o r e v i s i t t h e i r m a n d a t e s , 
rese t p r i o r i t i e s a n d i n t e g r a t e t h e i r p r o g r a m s . 
T h e r e are o t h e r i m p l i c a t i o n s a r i s ing f r o m t h e c o n t i n u i n g d e p e n d e n c e o f 
N A R S o n g e r m p l a s m a n d va r i e t i e s f r o m t h e I A R C s . M o s t N A R S lack t h e 
c a p a c i t y t o d e v e l o p f u l l y f l e d g e d b r e e d i n g p r o g r a m s b u t I A R C s can d e v e l o p 
n e w va r i e t i e s m o r e e f f i c i e n t l y t h a n b y i n d i v i d u a l N A R S . E x p e r i e n c e has 
s h o w n t h a t c o u n t r i e s p r e f e r t o have f i n i s h e d va r i e t i e s f r o m I A R C s w i t h t h e 
N A R S c o n d u c t i n g v a r i e t a l e v a l u a t i o n . T h e r e f o r e v a r i e t a l d e v e l o p m e n t s h o u l d 
r e m a i n a k e y f u n c t i o n o f t h e I A R C s . 
T h e r e has t o be a ba lance b e t w e e n r e g i o n a l versus n a t i o n c o l l a b o r a t i v e 
p r o g r a m s . R e g i o n a l p r i o r i t i e s are d e r i v e d f r o m n a t i o n a l p r i o r i t i e s b u t 
i m p l e m e n t a t i o n a n d i m p a c t o f research occu r s a t n a t i o n a l l e v e l . T h e t o p 
p r i o r i t y f o r I A R C s s h o u l d t h e r e f o r e b e t o s t r e n g t h e n c o l l a b o r a t i o n a t t h e 
n a t i o n a l l e v e l - s ince r e g i o n a l p r i o r i t i e s d e r i v e f r o m n a t i o n a l p r i o r i t i e s 
I n t h e f u t u r e I A R C s s h o u l d c o n s i d e r p h a s i n g - o u t a p p l i e d b r e e d i n g a n d 
m o v e t o u p s t r e a m research t h a t i s d e t e r m i n e d b y t h e n a t u r e o f t h e p r o b l e m . 
N A R S a n d I A R C s n e e d b r o a d e r p a r t n e r s h i p s f o r a g r i c u l t u r a l R & D . 
T h e r e i s n e e d t o t a p o n resources f r o m agribusiness , d e v e l o p m e n t N G O s , 
f a r m e r s a n d c o n s u m e r o rgan iza t ions a n d i m p r o v e t h e i m a g e a n d s u p p o r t f o r 
a g r i c u l t u r a l research . 
T h e r e i s also t h e n e e d f o r a n e w r e l a t i o n s h i p b e t w e e n N A R S a n d S R O s 
w i t h I A R C s o n a g r i c u l t u r a l research p r i o r i t i e s . T h e s e p r i o r i t i e s s h o u l d b e 
based o n t h o s e e s t ab l i shed b y N A R S a n d S R O ' s . T h i s r e l a t i o n s h i p s h o u l d 
r a t i o n a l i z e a n d s t r e a m l i n e p r o g r a m s a n d a c t i v i t i e s t o ach ieve i m p a c t . I t s h o u l d 
also set o u t m u t u a l l y agreed p e r f o r m a n c e ta rge t s a n d s tandards f o r b o t h 
N A R S a n d I A R C s . 
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New institutional arrangements in agricultural 
R&D in Africa: Concepts and case studies 
A n d y H a l l a n d B Y o g a n a n d 1 
In t roduct ion 
C u r r e n t deba tes o n t h e f u t u r e landscape o f a g r i c u l t u r a l research a n d 
d e v e l o p m e n t ( R & D ) i n A f r i c a p lace great emphas i s o n t h e r o l e o f t h e p r i v a t e 
sector , o n p a r t n e r s h i p s a n d o n p o v e r t y i m p a c t s . U n d e r n e a t h these head l ine 
g r a b b i n g t h e m e s are a series o f c o m p l e x i n s t i t u t i o n a l 2 a n d o rgan iza t iona l issues 
t h a t n e e d t o b e r e s o l v e d b y b o t h p u b l i c n a t i o n a l a g r i c u l t u r a l research a n d 
e x t e n s i o n i n s t i t u t i o n s ( N A R E I S 3 ) a n d t h e i n t e r n a t i o n a l a g r i c u l t u r a l research 
i n s t i t u t e s . T h e c o n t e x t o f these issues re la tes t o t h e n o w w i d e s p r e a d 
r e c o g n i t i o n t h a t t h e p e r f o r m a n c e o f c o n v e n t i o n a l N A R E I S a r r angemen t s i n 
m u c h o f A f r i c a needs u r g e n t a t t e n t i o n ( R u k u n i e t a l . 1 9 9 8 ) a n d t h a t i t i s 
o rgan i za t i ona l a n d i n s t i t u t i o n a l p r o b l e m s t h a t n e e d t o b e addressed r a t h e r 
t h a n t e c h n i c a l c a p a c i t y p e r s e ( B y e r l e e 1 9 9 8 , Bye r l ee a n d A l e x 1 9 9 8 ) . 
A t t h e h e a r t o f t h i s agenda f o r i n s t i t u t i o n a l change lies t h e n e e d t o devise 
R & D a r r a n g e m e n t s t h a t are c l i e n t respons ive ; t h a t are consensual i n p r i o r i t y 
s e t t i n g , p l a n n i n g a n d i m p l e m e n t a t i o n ; t h a t are w e l l i n t e g r a t e d i n t o m a r k e t a n d 
e n t r e p r e n e u r i a l sec to r a c t i v i t y ; t h a t i n c l u d e sus ta ined f i n a n c i a l a n d p o l i t i c a l 
s u p p o r t ; a n d above a l l , are d r i v e n b y t h e goal o f p o v e r t y f o c u s e d d e v e l o p m e n t . 
U n f o r t u n a t e l y , w h i l e these concep t s a n d l o f t y ideals have b e e n w i d e l y 
d iscussed , sparse c o n c e p t u a l o r e m p i r i c a l ins igh ts are avai lable (espec ia l ly 
A f r i c a - s p e c i f i c m a t e r i a l ) t o i n f o r m t h e p o l i c y m a k i n g process o r p r e d i c t w h a t 
r e c e n t d e v e l o p m e n t s m a y m e a n f o r research a r r angemen t s a n d p r o c e d u r e s . 
T h i s p a p e r i s a n a t t e m p t t o d r a w t o g e t h e r r e c e n t t h i n k i n g a n d e x p e r i e n c e a n d , 
i n p a r t i c u l a r , t o p r o v i d e a p l a t f o r m f r o m w h i c h t o e x p l o r e t h e i m p l i c a t i o n s f o r 
1. 
2. 
3. 
ICRISAT, Patancheru, India. 
The t e rm institutional is used in the governance sense referring to rules, norms and power structures 
associated w i t h R & D . It is also used as an embedded concept referring to the behavior of individual and 
physical organizations (the manifestation of their own rules and norms w i t h regard to pr ior i ty setting, 
accountability, level of stakeholder participation and so for th) . 
Throughout this paper the terms NAREIS is used to refer to the public agricultural research and 
extension institutions or agencies. This is done to distinguish f rom the broader and often misused t e r m 
national agricultural research and extension system (NARS) , which as a concept refers to a diverse, well 
integrated research and extension system w i t h many public and private actors. 
r e sea rch a r r a n g e m e n t s i n t h e , s e m i - a r i d t r o p i c s o f A f r i c a a n d t h e s t ra teg ies o f 
I C R I S A T a n d i t s p a r t n e r s i n t h e r e g i o n 
For I C R I SAT, c h a n g i n g i n s t i t u t i o n a l a r r a n g e m e n t s f o r a g r i c u l t u r a l R & D 
m e a n s i t has t o m a k e h a r d dec i s ions a b o u t b o t h i t s focus a n d i t s s t r a tegy a n d 
a b o u t w h e r e t o a l loca te i t s i nc reas ing ly scare resources . L i k e i t s N A R E I S 
p a r t n e r s I C R I S A T needs t o c o n s i d e r t h e r e l a t i v e d e s i r a b i l i t y o f p u r s u i n g a 
b r o a d e r p a r t n e r s h i p a n d d e v e l o p m e n t agenda a s a r o u t e t o i m p r o v i n g i m p a c t . 
I n e v i t a b l y t h i s i n c l u d e s q u e s t i o n s a b o u t w h e t h e r t h e I n s t i t u t e s h o u l d d i v e r t 
resources f r o m t r a d i t i o n a l p u b l i c sec to r p a r t n e r s t o a w i d e r set o f 
d e v e l o p m e n t ac tors , i n c l u d i n g t h e p r i v a t e sector . 
O n e o f t h e p r o b l e m s w i t h m u c h o f t h e d e b a t e o n these issues i s t h a t 
w h i l e t h e c o n v e n t i o n a l ( a n d s i m p l i s t i c ) l i nea r m o d e l o f a g r i c u l t u r a l i n n o v a t i o n 
d r i v e n b y p u b l i c sec to r sc ience i s w i d e l y r e j e c t e d ( a n d has b e e n f o r 
s o m e t i m e ) , consensus o n a f r a m e w o r k t o r ep lace i t has y e t t o e m e r g e i n t h e 
m a i n s t r e a m deba t e . T h i s i s n o t t o say t h a t t h e b r o a d c o n t o u r s o f i n s t i t u t i o n a l 
change are n o t w i d e l y d i scussed . T h e y c e r t a i n l y are (see f o r e x a m p l e B y e r l e e 
a n d A l e x 1 9 9 8 ; R u k u n i e t a l . 1 9 9 8 ) . T h e p r o b l e m i s t h a t t h e r e i s n o t y e t b r o a d 
accep tance o f a n a l t e r n a t i v e m o d e l o f i n n o v a t i o n t h a t i s s u f f i c i e n t l y h o l i s t i c i n 
i t s t r e a t m e n t o f i n s t i t u t i o n a l a n d o r g a n i z a t i o n a l issues t o p r o v i d e a u s e f u l 
f r a m e w o r k f o r t h e p l a n n i n g a n d e v a l u a t i o n o f e v o l v i n g R & D a r r a n g e m e n t s . 
T h i s p a p e r argues t h a t a s t a r t i n g p o i n t f o r a m o r e h o l i s t i c analysis needs 
t o b e a s h i f t i n focus t o i n n o v a t i o n r a t h e r t h a n t h e n a r r o w e r c o n c e p t o f 
research a n d t e c h n o l o g y d e v e l o p m e n t . T h i s p r o v i d e s a m u c h m o r e i n c l u s i v e 
o r g a n i z i n g p r i n c i p l e a n d o n e w h i c h r e q u i r e s t h e i n v e s t i g a t i o n o f t h e w i d e r 
i n s t i t u t i o n a l a n d b e h a v i o r a l f ac to r s ( e spec ia l ly l e a r n i n g a n d e v o l u t i o n a r y 
processes) t h a t u n d e r p i n e c o n o m i c change . I t i s i n t h i s c o n t e x t t h a t n o t i o n s 
s u c h a s t h e i n n o v a t i o n s sys tems f r a m e w o r k can b e s o p o t e n t i a l l y v a l u a b l e i n 
t h e d e b a t e o f i n s t i t u t i o n a l change a n d d e v e l o p m e n t . 
T o p r o v i d e s o m e r e a l i t y t o these c o n c e p t u a l p o s i t i o n s , t h r e e r e c e n t 
A f r i c a n case s tud ies are p r e s e n t e d i l l u s t r a t i n g i n s t i t u t i o n a l d e v e l o p m e n t i n 
a g r i c u l t u r a l R & D . T h e case s tud ies are i n t e r e s t i n g f o r a n u m b e r o f reasons. 
F i r s t a n d f o r e m o s t , t h e y d o c u m e n t t a n g i b l e e x a m p l e s o f i n t e r v e n t i o n s i n 
w h i c h p r i v a t e sec to r i n v o l v e m e n t , p a r t n e r s h i p a n d i m p a c t focus have b e e n 
a t t e m p t e d , a n d w i t h a p r o m i s i n g degree o f success. Second ly , t h e y i l l u s t r a t e 
t h e w a y t h e i n v o l v e m e n t o f t h e p r i v a t e sec to r m a y b e v e r y d i f f e r e n t i n A f r i c a n 
c o u n t r i e s t o o t h e r r e g i o n a l c o n t e x t s . I n A f r i c a m u c h o f t h e r o l e o f t h e p r i v a t e 
sec to r i s l i k e l y t o b e i n i n p u t a n d o u t p u t m a r k e t s , r a t h e r t h a n a s a m a j o r 
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research p layer , a l t h o u g h n a t u r a l l y t h e r e w i l l be e x c e p t i o n s . T h i r d l y , p o v e r t y 
focus a n d i m p a c t m o r e genera l ly i s b e i n g g iven m u c h m o r e a t t e n t i o n a n d n e w 
p a t t e r n s o f a c c o u n t a b i l i t y are s t r e n g t h e n i n g t h i s focus . Neve r the l e s s , 
i n s t i t u t i o n a l a r r a n g e m e n t s t h a t g ive vo i ce t o t h e p o o r i n t h e face o f e n t r e n c h e d 
p a t t e r n s o f social d y n a m i c s , r e m a i n s a cha l lenge . F o u r t h l y , t h e case s tud ies 
i l l u s t r a t e t h a t t o u n d e r s t a n d , a n d e v e n t o desc r ibe these i n t e r v e n t i o n s , t h e 
i n t e r a c t i o n s a n d processes i n a v e r y w i d e r i n s t i t u t i o n a l a n d o rgan iza t iona l 
arena have t o b e e x p l o r e d . T h i s needs t o b e a p p r e c i a t e d b y t h e p l a n n i n g a n d 
e v a l u a t i o n process . 
I n t h e d i scuss ion o f these case s tud ies t h e k e y i n s t i t u t i o n a l changes are 
s u m m a r i z e d a s a w a y o f ana lyz ing w h a t t h e i m p l i c a t i o n s o f these n e w 
a r r a n g e m e n t s m i g h t be . T h e i n n o v a t i o n s y s t e m f r a m e w o r k i s t h e n u s e d t o 
d r a w o u t s o m e o f t h e chal lenges t h a t s t i l l r e m a i n f o r e v o l v i n g n e w 
a r r a n g e m e n t s f o r p o v e r t y f o c u s e d r u r a l i n n o v a t i o n . T h e exerc ise he lps 
d e t e r m i n e f u t u r e p a t t e r n s o f d e v e l o p m e n t a n d t h e i m p l i c a t i o n s f o r N A R E I S 
a n d I C R I S A T 
T h e r e m a i n d e r o f t h e p a p e r begins i n s e c t i o n 2 b y m a k i n g a v e r y b r i e f 
i n t r o d u c t i o n t o t h e h i s t o r i c a l d e v e l o p m e n t o f N A R E I S i n A f r i c a . S e c t i o n 3 
e x p l o r e s t h e c o n c e p t u a l d e b a t e c o n c e r n i n g i n s t i t u t i o n a l m o d e l s o f a g r i c u l t u r a l 
i n n o v a t i o n . T h e case s tud ies a n d t h e genera l d i scuss ion t h e n f o l l o w i n sec t ions 
4 a n d 5. 
Historical deve lopment of the NAREIS in 
A f r i c a 4 
T h e e v o l u t i o n o f t h e N A R E I S has t a k e n p lace i n t h r e e d i s t i n c t phases. T h e 
i n i t i a l p e r i o d t o o k p lace d u r i n g t h e p r e - i n d e p e n d e n c e era, f o c u s i n g o n R & D 
s u p p o r t ( b o t h p u b l i c a n d p r i v a t e ) f o r m a j o r c o m m e r c i a l c o m m o d i t i e s -
c o t t o n , sugar, tea , co f fee e tc . I n t h e second phase, f o l l o w i n g i n d e p e n d e n c e , 
these research i n s t i t u t i o n s w e r e o f t e n c o n s o l i d a t e d u n d e r one p u b l i c l y f u n d e d 
u m b r e l l a o r g a n i z a t i o n . T h i s p e r i o d also saw a t t e n t i o n s ta r t t o focus o n w i d e r 
a g r i c u l t u r a l t e c h n o l o g y needs, p a r t i c u l a r l y t h e p r o b l e m o f inc reas ing f o o d 
p r o d u c t i o n . 
4. This is a vast topic that cannot be comprehensively covered in a short paper like this. This section 
from several useful overviews (Byerl 
draws 
ee and Alex 1998; Byerlee 1998; Rukuni et al. 1998. Also see Hall 
et ai. (2000) for discussion of the evolving policy agenda and its implication for NAREIS.) 
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T h e s e d e v e l o p m e n t s w e r e u s u a l l y a c c o m p a n i e d b y t h e e s t a b l i s h m e n t o f 
a p u b l i c a g r i c u l t u r a l e x t e n s i o n o r g a n i z a t i o n t o f a c i l i t a t e t h e d i s s e m i n a t i o n o f 
n e w p r o d u c t i o n t e c h n o l o g y t o f a r m e r s t o h e l p " m o d e r n i z e " a g r i c u l t u r e . T h e 
gene ra l p a t t e r n t h a t e m e r g e d was o n e o f w i d e s p r e a d p u b l i c i n v e s t m e n t i n 
a g r i c u l t u r a l research a n d e x t e n s i o n sys t ems ( o f t e n w i t h e x t e r n a l d o n o r 
assistance f o r c a p a c i t y d e v e l o p m e n t ) . W h i l e t h e r e was r e g i o n a l v a r i a t i o n i n t h e 
p rec i se t i m i n g o f t h i s g r o w t h phase, t h e 1 9 7 0 s w i t n e s s e d a n a n n u a l g r o w t h 
r a t e o f 6 % i n p u b l i c i n v e s t m e n t s i n a g r i c u l t u r a l r esea rch ( A l s t o n e t a l . 1 9 9 8 ) . 
T h i s r a p i d g r o w t h phase was a c c o m p a n i e d i n m a n y cases b y t h e p r o l i f e r a t i o n 
o f r e sea rch i n s t i t u t e s a n d a r a p i d e x p a n s i o n o f s t a f f n u m b e r s . 
T h e t h i r d phase, b e g i n n i n g d u r i n g t h e 1980s , saw i n v e s t m e n t s i n resea rch 
s t a r t t o d e c l i n e i n A f r i c a . W i t h large s t a f f n u m b e r s a n d d e c l i n i n g resea rch 
f u n d i n g , m a n y N A R E I S f o u n d t h e m s e l v e s s p e n d i n g ever la rger p r o p o r t i o n s o f 
r e sea rch b u d g e t s o n salaries, w i t h l i t t l e l e f t f o r research . T h i s s l o w d o w n i n 
r e sea rch c o n t i n u e d d u r i n g t h e 1990s . 
T h e d e c l i n i n g l e v e l o f p u b l i c f u n d i n g avai lable f o r a g r i c u l t u r a l r esea rch 
has f o c u s e d a t t e n t i o n o n t h e n e e d t o r e f o r m N A R E I S ( a n d t h e i n d e e d C G I A R 
c e n t e r s also f e l t t h i s p r e s su re ) . H o w e v e r , t h e n e e d f o r change was n o t b r o u g h t 
a b o u t b y shor tage o f f u n d s per se, b u t b y a c o m p l e x o f p o l i t i c a l , e c o n o m i c a n d 
i n s t i t u t i o n a l f ac to r s t h a t s t a r t e d t o t a k e shape d u r i n g t h e 1980s . T r i g g e r i n g t h i s 
has b e e n a n a l m o s t u n i v e r s a l t e n d e n c y t o r e - e x a m i n e t h e a p p r o p r i a t e r o l e o f 
t h e s ta te , t a k i n g p l ace a t a t i m e w h e n , d e s p i t e e v i d e n c e o f h i g h ra tes o f r e t u r n 
t o p u b l i c i n v e s t m e n t i n a g r i c u l t u r a l research , i t was c lear t h a t N A R E I S w e r e 
s t r u g g l i n g t o f u l f i l l a n i nc rea s ing ly c o m p l e x r o l e ( B y e r l e e 1 9 9 8 ) . T h r e e r e l a t e d 
issues have b e e n i m p o r t a n t . 
(i) New policy agendas. M a n y n a t i o n a l a g r i c u l t u r a l research o rgan iza t ions 
w e r e e s t ab l i shed o n a n i n s t i t u t i o n a l m o d e l d e s i g n e d t o a p p l y sc ience t o 
p r o b l e m s o f a g r i c u l t u r a l p r o d u c t i v i t y a n d t h e n e e d t o p r o d u c e m o r e 
f o o d . O v e r t i m e , n o t o n l y d i d t h i s i n i t i a l goal r evea l i t s e l f a s m u c h m o r e 
c o m p l e x t h a n i n i t i a l l y a n t i c i p a t e d , b u t also p o l i c y agendas began t o m o v e 
f r o m f o o d p r o d u c t i o n a lone , t o i n c l u d e n a t u r a l r e sou rce m a n a g e m e n t 
a n d e n v i r o n m e n t a l p r o t e c t i o n . 5 D u r i n g t h e 1990s t h e d o n o r c o m m u n i t y 
began t o s h i f t a t t e n t i o n t o w a r d s a m u c h m o r e e x p l i c i t p o v e r t y focus . 
W h i l e t h e C G I A R cen t e r s have f e l t t h e b r u n t o f t h i s change, N A R E I S 
5. See for example Byerlee 
to address the emergence 
(1992) for discussion of the need for institutional change in agricultural R&D 
of salinity problems from the green revolution vintage of technology packages. 
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have also h a d t o r e s p o n d t o t h e p o v e r t y agenda i n cases w h e r e t h e y have 
b e e n d e p e n d e n t o n d o n o r f u n d i n g (Bye r l ee 1 9 9 8 ) . U n d e r p i n n i n g t h i s 
s h i f t has b e e n a w i d e r set o f agendas c o n c e r n i n g t h e ro l e o f t h e p o o r i n 
t h e d e v e l o p m e n t process a n d pa t t e rn s o f governance o f a g r i c u l t u r a l 
research m o r e general ly . A d v o c a c y f o r p a r t i c i p a t o r y a g r i c u l t u r a l 
research 6 has b e e n one m a n i f e s t a t i o n o f t h i s . 
( i i ) New players. W h i l e p u b l i c sec tor a g r i c u l t u r a l research has b e c o m e 
inc reas ing ly e m b a t t l e d , a g r i c u l t u r a l research a n d r e l a t e d capac i ty i n 
t e c h n o l o g y p r o m o t i o n a n d a p p l i c a t i o n has e m e r g e d i n o t h e r quar te r s . 
M o s t n o t a b l e has b e e n t h e g r o w t h i n t h e p r i v a t e sector. I n t e r n a t i o n a l l y , 
t h i s has e m e r g e d f r o m a c o m b i n a t i o n o f t e c h n i c a l advances associated 
w i t h b i o t e c h n o l o g y , s t r e n g t h e n i n g i n t e l l e c t u a l p r o p e r t y reg imes a n d 
inc reas ing ly l i b e r a l t r a d e a n d e c o n o m i c p o l i c y reg imes i n m a n y coun t r i e s . 
I n m a n y A f r i c a n c o u n t r i e s t h e m o s t obv ious e x p a n s i o n has been i n t h e 
seed i n d u s t r y , b u t i s e v i d e n t t o o i n a n i m a l h e a l t h , c r o p p r o t e c t i o n , 
h o r t i c u l t u r e a n d c o m m o d i t y t r a d i n g . Research a n d a l l i e d expe r t i s e , 
h o w e v e r , i s also e m e r g i n g a m o n g n o n - g o v e r n m e n t a l organiza t ions 
( N G O s ) i n r u r a l d e v e l o p m e n t sectors, f a r m e r s ' a n d p r o d u c e r s ' 
associat ions ( M a r t e r a n d G o r d o n 1 9 9 8 ) . S i m i l a r l y i t i s increas ing ly b e i n g 
r e c o g n i z e d t h a t un ive r s i t i e s a n d o t h e r p u b l i c research i n s t i t u t e s have 
e x p e r t i s e t h a t i s r e l evan t t o a g r i c u l t u r a l research ( I S N A R 1 9 9 9 ) . Pr iva te 
research f o u n d a t i o n s also p l a y a p o t e n t i a l l y i m p o r t a n t r o l e ( I S N A R 
1 9 9 9 ) . These d e v e l o p m e n t s p re sen t t h e o p p o r t u n i t y t o n e t w o r k p u b l i c 
sec to r e f f o r t s i n t o a w i d e r set o f p layers t h a t have c o m p l e m e n t a r y 
s t r eng ths i n b o t h research a n d t e c h n o l o g y p r o m o t i o n . I t also h i g h l i g h t s 
t h e n e e d t o r e d e f i n e t h e m o s t a p p r o p r i a t e r o l e f o r t h e p u b l i c sector . 
(iii) Institutional inertia. T h e response o f N A R E I S to t h e n e w p o l i c y 
agendas a n d t h e o p p o r t u n i t i e s p r e s e n t e d b y t h e e m e r g e n c e . o f n e w 
research capac i t y has t a k e n p lace against a b a c k g r o u n d of appa ren t 
c o n s e r v a t i s m , a l t h o u g h t h e r e are excep t i ons . E v e n w i t h i n t h e p u b l i c 
sec to r i t has b e e n d i f f i c u l t t o r e s t r u c t u r e i n s t i t u t i o n a l a r r angemen t s . S o 
6. The use of participatory methods 
approaches whereby emphasis is 
initiatives and their participation 
in development and in agricultural research refers to a cluster of 
given to the perceptions of the 
is sought in the development and 
agricultural research this has included giving farmers a much greater ro 
and testing process. It has been criticized by some for its lack of 
institutional context in which research (and rural development more 
and the power structures that this 
"beneficiaries" of development 
implementation of solutions. In 
le in the technology development 
acknowledgement of the wider 
generally) inevitably takes place 
context implies (Biggs and Smith 1998; Ha l l and Nahdy 1999). 
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f o r e x a m p l e , even t h o u g h i t i s n o w w i d e l y r e c o g n i z e d t h a t c o n v e n t i o n a l 
i n s t i t u t i o n a l d i s t i n c t i o n s b e t w e e n resea rch a n d e x t e n s i o n are f l a w e d , 
m o v e s t o w a r d s t h e c r e a t i o n o f m o r e h o l i s t i c a n d i n t e g r a t e d n a t i o n a l 
a g r i c u l t u r a l r e sea rch a n d e x t e n s i o n o rgan iza t ions are y e t t o e m e r g e i n 
m a n y c o u n t r i e s . W o r l d B a n k s u p p o r t o f t r a i n i n g - a n d - v i s i t based 
e x t e n s i o n sys tems t e n d e d t o r e i n f o r c e t h i s c o n s e r v a t i s m a n d t o p d o w n 
t e c h n o l o g y d e v e l o p m e n t a n d t r ans fe r a p p r o a c h ( K i d d 1 9 9 9 ) . Re-
m a p p i n g r e l a t i o n s h i p s w i t h p r i v a t e a n d o t h e r n o n - g o v e r n m e n t a l agencies 
r ep resen t s a s i gn i f i c an t a l t e r a t i o n t o a c c e p t e d w o r k i n g p rac t i ces a n d 
n o r m s a n d has b e e n v e r y s l o w a n d r e c e n t i n m a n y c o u n t r i e s . 7 
C o m m e n t a t o r s s u c h a s R u k u n i e t a l . ( 1 9 9 8 ) t r ace t h e p r o b l e m s o f 
A f r i c a n N A R E I S b a c k t o t h e t r a n s i t i o n f r o m c o l o n i a l t o n a t i o n a l gove rnance 
a n d m a n a g e m e n t , a n d t h e associa ted n e e d f o r d i f f e r e n t p a t t e r n s o f pa t ronage 
a n d p a r t n e r s h i p . E i c h e r ( 1 9 8 9 ) sugges ted t h a t s o m e o f t h e b l a m e lies w i t h t h e 
d o n o r s , w h o p r e m a t u r e l y i n f l a t e d t h e size o f N A R E I S a n d t o o k t h e p ressure 
o f f managers t o m o b i l i z e d o m e s t i c p o l i t i c a l a n d f i n a n c i a l s u p p o r t t o sus ta in 
t h e s y s t e m af te r f o r e i g n a i d was w i t h d r a w n . 
H o w e v e r , as discussed above, t h e lacuna was n o t f inancia l alone. 
U n f o r t u n a t e l y t h e N A R E I S w e r e n o t able t o adapt t o m e e t evo lv ing d e v e l o p m e n t 
impera t ives and as a consequence t h e i r p e r f o r m a n c e d e c l i n e d in t e r m s of 
technologies p r o d u c e d and a d o p t e d b y fa rmers . I n o t h e r w o r d s , i n s t i t u t i o n a l 
d e v e l o p m e n t i n t h e N A R E I S d i d n o t keep pace w i t h t h e i n s t i t u t i o n a l and p o l i t i c a l 
d e v e l o p m e n t t h a t was d r i v i n g na t iona l d e v e l o p m e n t plans. A n d o f course w h e r e 
i n s t i t u t i o n a l d e v e l o p m e n t s b e c o m e d i sconnec ted f r o m society, pa t t e rns o f 
governance and accoun tab i l i t y b e c o m e increasingly t enuous . 
I t i s w i d e l y a c k n o w l e d g e d t h a t t h e c o r e o f t h i s p r o b l e m i s i n s t i t u t i o n a l i n 
n a t u r e ( G i j s b e r s , 2 0 0 1 ) . D o n o r s have p u r s u e d t h i s t h e m e e n c o u r a g i n g a 
r e f o r m process t h a t i n c l u d e s p r i v a t i z a t i o n o f s o m e research a n d e x t e n s i o n 
a c t i v i t i e s , a s t r onge r r o l e f o r N G O s , c o m p e t i t i v e resea rch funds , p r i v a t e 
f u n d i n g a n d e x e c u t i o n o f research , a n d s t ronge r c o l l a b o r a t i o n b e t w e e n t h e 
p u b l i c a n d p r i v a t e sec tors . B y e r l e e a n d A l e x ( 1 9 9 8 ) d e f i n e seven fea tures ( a l l 
i n s t i t u t i o n a l ) o f g o o d p r a c t i c e i n N A R E I S . These i n c l u d e : 
1 . S e p a r a t i o n o f research f u n d i n g f r o m research e x e c u t i o n . 
2 . P l u r a l i s t i c s t r u c t u r e ( a s y s t e m c o n c e i v e d a s a c o m b i n a t i o n o f p u b l i c a n d 
p r i v a t e a c t o r s ) . 
3 . Focus o n p u b l i c g o o d a n d d i v e r s i f i c a t i o n o f f u n d i n g . 
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7. For example, 
introduct ion < 
, Ha l l and Nahdy (1999) 
of participatory methods in 
discuss 
Uganda. 
this insti tutional conservatism in the context the 
4 . C o m p l e m e n t a r y n a t u r e o f p u b l i c a n d p r i v a t e sectors, w i t h a shar ing o f 
resources a n d sk i l l s . 
5 . I n s t i t u t i o n a l a u t o n o m y f o r p a r t i c i p a t i n g p u b l i c research organ iza t ions . 
6 . S t a k e h o l d e r p a r t i c i p a t i o n i n d e f i n i n g t h e research agenda. 
7 . N e w m o d e l s o f t e c h n o l o g y t rans fe r t h a t i n c l u d e b r o a d e r s t a k e h o l d e r 
p a r t i c i p a t i o n . 
H o w e v e r , a s T r i p p ( 1 9 9 3 ) 8 cau t ions , t h e e n t h u s i a s m f o r r e p l a c i n g p u b l i c 
agencies w i t h t hose f r o m t h e p r i v a t e a n d N G O sector needs t o b e t e m p e r e d 
b y t h e fac t t h a t these organiza t ions , w h i l e o f t e n c o m p l e m e n t a r y t o t h e p u b l i c 
sector , can r a r e l y rep lace i t . T h e a b i l i t y o f t h e p r i v a t e sec to r t o " f i l l t h e gap" is 
also q u e s t i o n e d b y Pray a n d U m a l i - D e i n i n g e r 1 9 9 8 ) . T r i p p ( 1 9 9 3 ) insists t h a t 
a m u c h m o r e i m p o r t a n t p o l i c y task i s t o de f ine a n e w a n d m o r e e f f e c t i v e r o l e 
f o r p u b l i c sec tor research a n d e x t e n s i o n i n t h i s e v o l v i n g e n v i r o n m e n t . T h e 
c o r o l l a r y b e i n g t h a t t h e n e w ro l e o f t h e p u b l i c sec tor a n d i ts r e l a t i o n s h i p w i t h 
o t h e r d e v e l o p m e n t ac tors w i l l b e c o u n t r y speci f ic , w i l l b e d y n a m i c ( E i c h e r 
1 9 8 9 ; T h i r t l e a n d Echever r i a 1 9 9 4 ) a n d w i l l n o t b e amenab le t o p o l i c y 
processes t h a t r e l y o n genera l i zed i n s t i t u t i o n a l b l u e p r i n t s . 
T h i s w i l l b e p a r t i c u l a r l y s o i n r e l a t i o n t o l eve l o f p r i v a t e sec tor 
d e v e l o p m e n t w h i c h i s l i k e l y t o b e l o w e r i n t h e A f r i c a r e g i o n t h a n i t i s i n A s i a 
a n d L a t i n A m e r i c a , a n d w i t h large c o u n t r y t o c o u n t r y va r i ab i l i t y . R u k u n i e t a l . 
( 1 9 9 8 ) desc r ibe t h e w a y i n d i g e n o u s l y d r i v e n i n s t i t u t i o n a l d e v e l o p m e n t s have 
b e e n s o i m p o r t a n t i n r e f o r m i n g a g r i c u l t u r a l research i n t h e s o u t h e r n A f r i c a 
r e g i o n . H e r e t h e d u a l agrarian societ ies o f c o m m e r c i a l a n d s m a l l h o l d e r 
sys tems p r o v i d e s a v e r y speci f ic ( a l t h o u g h evo lv ing ) i n s t i t u t i o n a l a n d p o l i t i c a l 
c o n t e x t i n w h i c h t h e r o l e o f t h e p u b l i c sec tor needs t o b e d e f i n e d . 
T h e process o f e v o l v i n g n e w i n s t i t u t i o n a l a r r angement s f o r a g r i c u l t u r a l 
R & D i n A f r i c a i s o n g o i n g . Based o n t h e above, c r i t i c a l i n s t i t u t i o n a l issues t h a t 
s t i l l n e e d t o b e f u l l y r e so lved w o u l d appear t o i n c l u d e t h e f o l l o w i n g : 
1 . I n v o l v i n g a w i d e r set o f ac tors f r o m t h e research a n d non- research sectors i n 
t h e research process . 
2 . D e f i n i n g a n e w r o l e f o r t h e p u b l i c sector, a n d e v o l v i n g n e w t y p e s o f 
r e l a t i o n s h i p s w i t h p a r t n e r s r e l evan t t o t h e a g r i c u l t u r a l sector . 
3 . E s t a b l i s h i n g p r i o r i t y s e t t i n g a n d t e c h n o l o g y d e v e l o p m e n t a n d t e s t i n g 
app roaches t h a t b r o a d e n t h e p a r t i c i p a t i o n o f s takeholders , p a r t i c u l a r l y p o o r 
t e c h n o l o g y users, b u t also t h e en t e rp r i s e sector. 
8. Tripp (1993) comments emerged from a detailed analysis of; maize research in West Africa. 
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4 . E s t a b l i s h i n g m e c h a n i s m s t o i m p r o v e t h e a c c o u n t a b i l i t y o f p u b l i c l y f u n d e d 
research a n d t o e x p l o r e a n d d e m o n s t r a t e i m p a c t , spec i f i c a l l y o n t h e poo r , 
b u t also o n e c o n o m i c d e v e l o p m e n t m o r e genera l ly . 
5 . R e s p o n d i n g t o , a n d c o n t r i b u t e t o w a r d s a m o r e b road -based v i s i o n o f r u r a l 
d e v e l o p m e n t t h a t goes b e y o n d inc reas ing a g r i c u l t u r a l p r o d u c t i v i t y a n d 
i n c l u d e s d e v e l o p i n g w i d e r l i v e l i h o o d o p p o r t u n i t i e s i n c l u d i n g t h o s e i n t h e 
n o n - f a r m sec to r a n d t h e d e v e l o p m e n t o f w i d e r m a r k e t o p p o r t u n i t i e s . 
6 . D e f i n i n g t h e m o s t a p p r o p r i a t e o rgan i za t i ona l focus f o r c a p a c i t y b u i l d i n g 
g i v e n t h e b r o a d e r p a t t e r n s o f p a r t i c i p a t i o n b e i n g sough t a n d t h e e x p a n d e d 
ob j ec t i ve s t h a t are b e i n g addressed . 
Mode ls of agricultural innovat ion 
T h e cha l l enge t h a t faces t h e p o l i c y process i s t h a t t h e i m p e r a t i v e s f o r change 
a n d t h e t y p e s o f i n s t i t u t i o n a l d e v e l o p m e n t r e q u i r e d , suggest a f u n d a m e n t a l l y 
d i f f e r e n t R & D s y s t e m t o t h a t e m b o d i e d i n t h e c o n v e n t i o n a l i n s t i t u t i o n a l 
a r r a n g e m e n t s o f t h e N A R E I S . I n t h e l a t t e r t h e m a i n e l e m e n t s o f t h e research 
s y s t e m w e r e sc ien t i s t s w o r k i n g i n p u b l i c sec to r o rgan iza t ions . Roles a n d 
r e l a t i o n s h i p s w e r e f i x e d r e f l e c t i n g t h e accep tance o f a n i n s t i t u t i o n a l m o d e l 
t h a t envisages a s t r a i g h t f o r w a r d p rog re s s ion f r o m f u n d a m e n t a l research t o 
a p p l i e d a n d a d a p t i v e research , t o t e c h n o l o g y t r ans fe r a n d d i f f u s i o n . Rep lac ing 
t h i s i s a v i s i o n o f a d y n a m i c , e v o l v i n g s y s t e m t h a t i n c l u d e s a v a r i e t y o f r esea rch 
a n d n o n - r e s e a r c h o rgan iza t ions f r o m t h e p u b l i c a n d p r i v a t e sec tors a n d o n e 
w h i c h recognizes i t s e x i s t e n c e i n a d y n a m i c p o l i t i c a l e c o n o m y . 
I t i s t h i s c o m b i n a t i o n o f i n s t i t u t i o n a l issues a n d t h e d y n a m i c e l e m e n t o f 
t h i s n e w v i s i o n , a long w i t h t h e associa ted process l e a r n i n g a n d e v o l u t i o n t h a t 
c o n v e n t i o n a l t h e o r i e s o f a g r i c u l t u r a l i n n o v a t i o n f i n d m o s t p r o b l e m a t i c . For 
e x a m p l e , i n t h e i n d u c e d i n n o v a t i o n m o d e l ( H a y a m i a n d R u t t a n 1 9 7 1 ) f a c t o r 
p r i ce s a n d user d e m a n d are p r e d i c t e d t o i n d u c e sc ien t i s t s t o d e v e l o p 
a p p r o p r i a t e t e c h n o l o g y - a d e m a n d - p u l l t h e o r y . T h i s has n o t p r o v e d to be t h e 
case, t h e c h i e f reason b e i n g t h a t s u c h a m o d e l i g n o r e d t h e p o l i t i c a l a n d 
i n s t i t u t i o n a l c o n t e x t i n w h i c h r e source a l l o c a t i o n dec i s ions are m a d e i n R & D . 
Rogers ( 1 9 6 2 ) d i f f u s i o n o f i n n o v a t i o n s m o d e l i s b l i n d t o s i m i l a r i n s t i t u t i o n a l 
issues t h a t n o t o n l y d e t e r m i n e t h e t y p e s o f t e c h n o l o g y d e v e l o p e d , b u t d e c i s i o n 
o v e r h o w i t i s p r o m o t e d a n d t o w h o - a t e c h n o l o g y p u s h t h e o r y . 
T h e essen t ia l ly neo-class ical e c o n o m i c s u n d e r p i n n i n g s o f these m o d e l s 
t e n d t o e x c l u d e i n s t i t u t i o n a l issues f r o m t h e analysis . O n e b r a n c h o f 
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e c o n o m i c s t h a t recognizes t h e i m p o r t a n c e o f i n s t i t u t i o n s , a l be i t i n t h e f o r m a l 
ru les sense, i s t h e n e w i n s t i t u t i o n a l e c o n o m i c s ( N I E ) s c h o o l . W r i t i n g s f r o m 
t h e t r a n s a c t i o n cos t t r a d i t i o n o f N I E t e n d t o suggest t h a t t h i s t y p e o f analysis 
can l e a d t o t h e necessary i n s t i t u t i o n a l d e v e l o p m e n t s t h a t w i l l go h a n d - i n - h a n d 
w i t h t e c h n i c a l d e v e l o p m e n t s gene ra t ed b y R & D sys tems ( K y d d 2 0 0 2 ) . 
P r e s u m a b l y t h i s refers t o t h e i n c e n t i v e s t r u c t u r e s necessary t o a l l o w t h e 
i n d u c e d i n n o v a t i o n m o d e l t o ope ra t e e f fec t ive ly , a l t h o u g h i t i s less c lear h o w 
t h i s w i l l dea l w i t h t h e p o w e r s t r u c t u r e . H o w e v e r , s ince N E I sees o rgan iza t ions 
as a governance s t r u c t u r e to r e d u c e t r a n s a c t i o n costs a n d i s m o r e c o n c e r n e d 
w i t h a l l o c a t i n g e x i s t i n g resources r a t h e r t h a n c r e a t i n g n e w ones, l e a r n i n g p lays 
a m i n o r r o l e (G i j sbe r s 2 0 0 1 ) . ( A s shal l be d iscussed b e l o w , l e a r n i n g a n d 
sys tems e v o l u t i o n are c e n t r a l t o c o n t e m p o r a r y t heo r i e s o f i n n o v a t i o n . ) 
W h a t t h e n i s a m o r e inclusive f r a m e w o r k t o t h i n k abou t t h e agr icu l tu ra l 
innovat ion? Biggs' ( 1 9 9 0 ) p r o p o s i t i o n o f m u l t i p l e sources o f i n n o v a t i o n m o d e l i s 
one t h a t i s w i d e l y c i t e d in t h e l i t e ra ture . He observes t h a t agr icu l tu ra l innovat ions 
( b o t h t echn ica l and ins t i t u t iona l ) c o m e f r o m m u l t i p l e sources: research staff, 
d e v e l o p m e n t agencies, farmers , N G O s , p r iva te companies a n d ent repreneurs , 
a n d artisans. Biggs' key c o n t e n t i o n i s t h a t each set of actors has i ts o w n set of 
agendas a n d these m a y o f ten be d ivergent and contes ted . T h i s i m p l i e s a m o d e l o f 
agr icu l tu ra l i n n o v a t i o n w h e r e in terac t ions b e t w e e n actors are m u l t i p l e , i t e ra t ive 
a n d evolv ing , and w h e r e t h e groupings o f actors t ha t exist a t a g iven p o i n t in t i m e 
re f lec t t h e re la t ive strengths o f cu r r en t po l i t i ca l and i n s t i t u t i o n a l in teres t groups. 
These types o f process are w e l l k n o w n to m a n y research prac t i t ioners a t t h e sharp 
e n d o f agr icu l tu ra l research and ru ra l d e v e l o p m e n t . 
Such systems ideas can be seen e lsewhere . For e x a m p l e L y n a m a n d Blackie 
( 1 9 9 4 ) t a l k o f t h e n e e d fo r a cha in o f technologies , i n s t i t u t i o n s a n d pol ic ies t h a t 
f u n c t i o n as an e f fec t ive sy s t em ra ther t h a n as d i s a r t i cu l a t ed par ts . T h e c o n c e p t 
o f a n A g r i c u l t u r a l K n o w l e d g e a n d I n f o r m a t i o n S y s t e m (Ro l ing 1 9 9 0 ) also 
a d o p t e d t h i s systems perspec t ive . S i m i l a r l y Echever r ia ( 1 9 9 8 ) pursues t h i s 
c o m m o n t h e m e , discussing a sys tem charac ter ized by evo lv ing i n s t i t u t i o n a l 
a r rangements w h e r e t h e f inanc ing a n d e x e c u t i o n o f ag r i cu l tu ra l research takes 
p lace t h r o u g h a m a t r i x o f p u b l i c a n d p r iva t e sectors i n v o l v e m e n t . 
M o r e r e c e n t l y t h e n o t i o n o f a n i n n o v a t i o n s y s t e m has s t a r t e d t o b e 
d i scussed a s a w a y o f t h i n k i n g a b o u t i n s t i t u t i o n a l a r rangements i n a g r i c u l t u r a l 
R & D ( H a l l e t a l . 2 0 0 1 ; E k b o i r 2 0 0 2 ; C l a r k 2 0 0 2 ) . 9 T h e r e are a n u m b e r o f 
i n t e r e s t i n g fea tures o f t h i s f r a m e w o r k . 
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9. This builds on the idea of a "national system of innovation' (Freeman 1987; Lundvall 1992) developed 
to examine the differential performance of national economies and the factors underpinning innovation 
performance. 
• F i r s t ly , i t focuses on i n n o v a t i o n ( r a t h e r t h a n research) as i t s o rgan iz ing 
p r i n c i p l e . T h e c o n c e p t o f i n n o v a t i o n i s u sed i n i t s b r o a d sense o f t h e 
ac t iv i t i e s a n d processes associated w i t h t h e gene ra t i on , p r o d u c t i o n , 
d i s t r i b u t i o n , a d a p t a t i o n a n d use o f n e w t e c h n i c a l a n d i n s t i t u t i o n a l , 
o rgan iza t iona l o r manager i a l k n o w l e d g e . 
• Secondly , by c o n c e p t u a l i z i n g research a s p a r t o f t h e w i d e r process o f 
i n n o v a t i o n i t he lps i d e n t i f y t h e scope o f t h e ac tors ( i n c l u d i n g p u b l i c , 
p r i v a t e , research, en t e rp r i s e , t e c h n o l o g y users sectors) i n v o l v e d a n d t h e 
w i d e r set o f r e l a t i o n s h i p s i n w h i c h research i s t h e r e f o r e e m b e d d e d . 
• T h i r d l y , because i t recognizes t h e i m p o r t a n c e o f b o t h t e c h n o l o g y p r o d u c e r s 
a n d t e c h n o l o g y users a n d t h a t t h e i r ro les are b o t h c o n t e x t spec i f ic a n d 
d y n a m i c , i t b reaks o u t o f t h e p o l a r i z e d deba tes o f t e c h n o l o g y p u s h versus 
d e m a n d p u l l t h e o r i e s . I n s t e a d i t recognizes t h a t b o t h processes are 
p o t e n t i a l l y i m p o r t a n t a t d i f f e r e n t stages i n t h e i n n o v a t i o n process . 
• F o u r t h l y , i t recognizes t h a t t h e i n s t i t u t i o n a l c o n t e x t o f t h e o rgan iza t ions 
i n v o l v e d a n d p a r t i c u l a r l y t h e w i d e r e n v i r o n m e n t t h a t governs t h e n a t u r e o f 
r e l a t i o n s h i p s , p r o m o t e s d o m i n a n t in t e re s t s a n d shapes o u t c o m e o f t h e 
s y s t e m as a w h o l e . T h i s aspect i s necessary f o r i n t r o d u c i n g a p o v e r t y focus . 
T h e f r a m e w o r k p r o v i d e s a lens t o e x a m i n e a n d revea l w h i c h agendas are 
b e i n g p r o m o t e d , h i g h l i g h t i n g t h e arena i n w h i c h t h e v o i c e o f t h e p o o r can 
( a n d u s u a l l y needs t o be ) b e p r o m o t e d . 
• F i f t h l y , i t recognizes t h i s as a social sy s t em. In o t h e r w o r d s , i t does n o t j u s t 
focus o n t h e degree o f c o n n e c t i v i t y b e t w e e n t h e d i f f e r e n t e l emen t s , b u t t h e 
l e a rn ing a n d adap t ive process t h a t m a k e t h i s a d y n a m i c e v o l u t i o n a r y sys t em. 
• S i x t h l y , i t i s o n l y a f r a m e w o r k f o r analysis a n d p l a n n i n g . I t can d r a w on a 
large b o d y o f e x i s t i n g t o o l s f r o m e c o n o m i c s , a n t h r o p o l o g y , e v a l u a t i o n , 
m a n a g e m e n t a n d o rgan iza t iona l sciences, a n d i s n o t b o u n d t o any o n e 
d i s c i p l i n a r y c o n v e n t i o n . 
F r o m a p l a n n i n g a n d i n t e r v e n t i o n p e r s p e c t i v e t h e i n n o v a t i o n s y s t e m 
f r a m e w o r k places p a r t i c u l a r emphas i s o n t h e i m p o r t a n c e o f l e a r n i n g processes 
a s a w a y o f e v o l v i n g n e w a r r a n g e m e n t s spec i f ic t o l o c a l c o n t e x t s . T h i s d r a w s 
f r o m a v e r y large b o d y o f t h i n k i n g o n i n n o v a t i o n p e r f o r m a n c e w h e r e l e a r n i n g 
a n d t h e a b i l i t y t o b u i l d u p n e w c o m p e t e n c i e s , o f t e n t h r o u g h i n t e r a c t i o n w i t h 
o t h e r s are c e n t r a l a n a l y t i c a l p a r a m e t e r s . 1 0 T h i s con t r a s t s w i t h t h e 
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10. The literature on learning, competency building and innovation performance is very 
Edquist (1997) provides a useful review of concepts in the context of innovation systems 
(1998) for debate 
Hall et al. (2002). 
on competency building. For discussion and illustration 
large indeed. 
. See also Foss 
of institutional learning see 
c o n v e n t i o n a l a p p r o a c h o f seeking " o p t i m a l " b l u e p r i n t s , a n d in s t ead recognizes 
t h e i m p o r t a n c e o f s u p p o r t i n g adap t ive systems a n d t h e va lue o f t h e g r o w t h o f 
d i v e r s i t y i n approaches a n d prac t ices . 
O n e r e su l t o f t h i s i s t h a t capac i ty b u i l d i n g becomes a m u c h m o r e 
i m p o r t a n t o b j e c t i v e , a s even research i n t e r v e n t i o n s b e c o m e c o n c e r n e d 
inc reas ing ly w i t h es tab l i sh ing re la t ionsh ips and process t h a t w i l l u n d e r p i n 
f u t u r e t e c h n o l o g y a n d i n n o v a t i o n o u t c o m e s . T h e advocates o f t h e a p p r o a c h 
suggest t h a t i t s use f o r t h e e v a l u a t i o n a n d p l a n n i n g o f a g r i c u l t u r a l t e c h n o l o g y 
d e v e l o p m e n t a n d p r o m o t i o n ac t iv i t i e s i s a use fu l w a y t o b u i l d l oca l l y a d a p t e d , 
c o l l e c t i v e o p e r a t i o n a l capaci t ies w h e r e i n s t i t u t i o n a l concerns such as a p o v e r t y 
focus can be m o n i t o r e d and sus ta ined . 1 1 I t i s p rec i se ly these pe r spec t ives t h a t 
s eem t o b e r e q u i r e d t o s u p p o r t t h e d e v e l o p m e n t o f t h e n e w i n s t i t u t i o n a l 
a r r a n g e m e n t s i n a g r i c u l t u r a l R & D i n A f r i c a . 
T h e n e x t s ec t i on i l l u s t r a t e s w h a t t h i s m i g h t l o o k l i k e i n p r a c t i c e . 
Case studies 
a) The SADC/ICRISAT sorghum and millet improvement program (SMIP) in 
southern Africa: A case of the evolution of a technology program through 
learning and partnership development.12 
S M I P i s a 20-year i n i t i a t i v e s u p p o r t e d b y t h e U n i t e d States A g e n c y f o r 
I n t e r n a t i o n a l D e v e l o p m e n t ( U S A I D ) a n d i m p l e m e n t e d b y I C R I S A T a t i t s 
M a t o p o s s t a t i o n i n Z i m b a b w e o n b e h a l f o f t h e S o u t h e r n A f r i c a D e v e l o p m e n t 
C o m m u n i t y ( S A D C ) . T h e p r o j e c t s t a r t e d i n 1983 a n d was i m p l e m e n t e d i n 
f o u r 5-year phases, t h e f o u r t h r u n n i n g f r o m 1 9 9 8 - 2 0 0 3 . T h e f i r s t t w o phases 
c o n c e n t r a t e d o n d e v e l o p i n g research i n f r a s t r u c t u r e a n d h u m a n resources i n 
t h e n a t i o n a l a g r i c u l t u r a l research i n s t i t u t e s ( N A R I s ) i n t h e r e g i o n . T h i s 
i n v o l v e d e s t a b l i s h m e n t o f b r e e d i n g p rog rams , i n c l u d i n g research 
i n f r a s t r u c t u r e a n d t h e sponsorsh ip o f P h D a n d v o c a t i o n a l t r a i n i n g f o r 
sc ien t i s t s . T h i s was d o n e w i t h a v i e w t o b u i l d i n g capac i ty t o p r o d u c e a s t r e a m 
o f t e c h n o l o g i e s , m a i n l y i m p r o v e d var ie t ies . D u r i n g these f i r s t t w o phases 
c o n s i d e r a b l e t e c h n o l o g y d e v e l o p m e n t w o r k t o o k place, w i t h 1 5 var ie t i e s b e i n g 
re leased . 
T h e t h i r d phase, 1 9 9 3 - 1 9 9 8 , w h i l e c o n t i n u i n g capac i ty b u i l d i n g a n d 
t e c h n o l o g y d e v e l o p m e n t ac t i v i t i e s , s t a r t e d t o sh i f t focus t o w a r d s t e c h n o l o g y 
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11 . Biggs and Smith 1998, Hal l 2002. 
12.This section draws on one of the author's visit 
Tanzania, Botswana and Zimbabwe in May/June 
and discussion w i t h SMIP 
2001; further details can be 
scientists and partners 
seen in Hal l (2002). 
in 
t r ans fe r . T h i s change r e l a t e d t o d e v e l o p m e n t s i n research m e t h o d o l o g y , 
p a r t i c u l a r l y f a r m i n g sys tems a n d p a r t i c i p a t o r y approaches , a n d t h e w a y these 
d e v e l o p m e n t s s t a r t e d t o i m p i n g e o n t h e t h i n k i n g a n d agenda o f S M I P . A n 
e q u a l l y i m p o r t a n t i n f l u e n c e was t h e w i d e r p o l i t i c a l e c o n o m y o f i n t e r n a t i o n a l 
a g r i c u l t u r a l research a t t h a t t i m e . I n p a r t i c u l a r , a g r o w i n g d i s i l l u s i o n m e n t 
a m o n g d o n o r s w i t h a g r i c u l t u r a l research a n d a n inc reased s c r u t i n y o f t h e 
i m p a c t s o f r esea rch e f f o r t s . 
D u r i n g phase I I I , S M I P began t o engage i n p a r t n e r s h i p s w i t h ac tors o t h e r 
t h a n N A R E I S . T h i s was a response t o t h e n e e d t o have m o r e d i r e c t c o n t a c t 
w i t h f a r m c o m m u n i t i e s a n d t h e p e r c e i v e d va lue o f w o r k i n g w i t h N G O s a s a 
w a y o f a c h i e v i n g t h i s . A n a l y s i s o f c o n s t r a i n t s t o a d o p t i o n o f t e c h n o l o g y h a d 
h i g h l i g h t e d weakness i n v a r i e t y release a n d d i s s e m i n a t i o n sys tems . I t b e c a m e 
inc reas ing ly a p p a r e n t t h a t t o ach ieve w i d e r i m p r o v e m e n t s i n seed sys tems (as 
w e l l a s i n o t h e r spheres) , S M I P a n d N A R E I S sc ien t i s t s w o u l d have t o l i n k 
m u c h m o r e s t r o n g l y w i t h a range o f o t h e r p a r t n e r s - t h e p r i v a t e sector , 
i n c l u d i n g N G O s , a n d C B O s . 
Phase I V was seen b y U S A I D a s a w a y o f c a p i t a l i z i n g o n ea r ly 
i n v e s t m e n t s i n c a p a c i t y b u i l d i n g , research a n d t e c h n o l o g y d e v e l o p m e n t . T h i s 
t e c h n o l o g y t r ans f e r t h e m e m e a n t t h a t S M I P n e e d e d t o c o n t i n u e t o b r o a d e n i t 
focus b e y o n d s t r i c t l y s c i e n t i f i c a c t i v i t i e s a n d t h e g e n e r a t i o n o f n e w t e c h n o l o g y , 
a d o p t i n g a s t ronge r d e v e l o p m e n t a l o r i e n t a t i o n . P u r s u i n g these goals t h r o u g h a 
b r o a d e r range o f p a r t n e r s h i p s b e c a m e a n e x p l i c i t o b j e c t i v e . 
T h e d e v e l o p m e n t a l focus a n d t h e p a r t n e r s h i p a p p r o a c h w e r e r e -
e n f o r c e d b y t h e U S A I D p r o j e c t s t r u c t u r e a n d i t s m o n i t o r i n g p r o c e d u r e . T h i s 
e n t a i l e d i d e n t i f y i n g a n u m b e r o f i n t e r m e d i a t e resu l t s . N o t o n l y w e r e these 
p r i o r i t i z e d b y a g r o u p o f r e g i o n a l s t akeho lde r , t h e q u a n t i t a t i v e i n d i c a t o r s f o r 
t h e a c h i e v e m e n t o f these i n t e r m e d i a t e resu l t s w e r e d e f i n e d , w i t h annua l 
t a rge t s set t o m o n i t o r p e r f o r m a n c e . T h e S M I P sc ien t i s t s l e a d i n g t h e p r o g r a m 
c o m p o n e n t u n d e r each r e s u l t b e c a m e d i r e c t l y a c c o u n t a b l e f o r a c h i e v i n g these 
t a rge t s . T h e s e i n c l u d e d : area s o w n t o n e w var ie t i es ; m e t r i c t o n s o f s o r g h u m 
a n d m i l l e t e n t e r i n g c o m m e r c i a l m a r k e t s i n k e y loca t ions ; q u a n t i t y o f seed 
p r o d u c e d o f n e w va r i e t i e s . T h i s p a t t e r n o f a c c o u n t a b i l i t y w a s a s ign i f i can t n e w 
f e a t u r e o f S M I P I V . T h e S M I P sc ien t i s t s q u i c k l y r ea l i zed , based o n t h e i r pas t 
e x p e r i e n c e , t h a t i f t h e y w e r e t o ach ieve these t a rge t s a n e n t r e p r e n e u r i a l 
a p p r o a c h t o p a r t n e r s h i p w o u l d b e essent ia l . 
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Perhaps w h a t i s m o s t i n t e r e s t i n g a b o u t S M I P I V i s t h e k e y i n s t i t u t i o n a l 
ques t i ons t h a t i t poses f o r i n t e r n a t i o n a l organiza t ions such a s I C R I S A T , 
n a m e l y : 
• P u r s u i n g a b r o a d e r range of pa r tne r sh ips i s j u s t i f i e d because i t i m p r o v e s t h e 
p o v e r t y focus a n d i m p a c t o f research. 
• P u r s u i n g d e v e l o p m e n t a l agendas ( t h r o u g h pa r tne r sh ips ) i s j u s t i f i e d because 
i t h e lp s d e f i n e s t ra tegic sc i en t i f i c research p r i o r i t i e s t h r o u g h b e t t e r pa r tne r s 
o f s t a k e h o l d i n g o f t e c h n o l o g y users and t h e i r represen ta t ives . T h i s 
i m p r o v e s o w n e r s h i p , re levance a n d u p t a k e o f t echno logy . 
• B e t t e r i m p a c t a n d research p r i o r i t y se t t ing jus t i f i e s d i v e r t i n g resources 
f r o m s t ra teg ic science t o d e v e l o p m e n t a l ac t iv i t i e s a n d ju s t i f i e s d i v e r t i n g 
resources f r o m t r a d i t i o n a l p u b l i c sector pa r tne r s t o a w i d e r set o f 
d e v e l o p m e n t a l ac tors . 
• N e w p a t t e r n s o f a c c o u n t a b i l i t y are a n i m p o r t a n t t r i gge r f o r w i d e r 
i n s t i t u t i o n a l change. 
A n i n s t i t u t i o n a l analysis u n d e r t a k e n af ter t w o years o f phase I V ( H a l l 
2 0 0 2 b ) 1 3 f o u n d t h a t t h e S M I P scient is ts had e n t e r e d i n t o a b r o a d range o f 
p a r t n e r s h i p w i t h N G O s , C B O s a n d t h e c o m m e r c i a l sector, a s w e l l a s w i t h 
t h e i r c o n v e n t i o n a l N A R E I S pa r tne r s . T h i s h a d been d o n e b y d r a w i n g t o g e t h e r 
c lus te r s o f pa r tne r s a r o u n d speci f ic t h e m e s o r tasks. H a l l r e f e r r e d t o these a s 
t a sk n e t w o r k s a n d suggested t h a t t h i s r ep re sen t ed a s ign i f ican t d e p a r t u r e f r o m 
c o n v e n t i o n a l i n s t i t u t i o n a l a r rangements f o r R & D . T h e k e y i n s t i t u t i o n a l 
d i f f e r ences b e t w e e n S M I P task n e t w o r k s a n d c o n v e n t i o n a l a r r angemen t s are 
s u m m a r i z e d a n d c o n t r a s t e d i n Table 1 . S o m e o f t h e no t ab l e p o i n t s i n c l u d e d : 
• S M I P scient is ts p l a y e d m u l t i p l e a n d d i f f e r e n t roles i n task n e t w o r k -
s o m e t i m e s f a c i l i t a t o r ; s o m e t i m e s a source of i n f o r m a t i o n ; s o m e t i m e s as a 
researcher; a n d s o m e t i m e s a r e c i p i e n t o f i n f o r m a t i o n . 
• T h e m i x t u r e o f pa r tne r s i n a task n e t w o r k w e r e specif ic t o a task t h e m e 
( d u e to resources in te res t s a n d agendas), and to a p a r t i c u l a r l o c a t i o n a n d 
i n s t i t u t i o n a l c o n t e x t ( w h o was available a n d h o w t h e i r i n t e r a c t i o n was 
g o v e r n e d ) . 
• T h e a d o p t i o n o f ob jec t ives a r t i c u l a t e d i n d e v e l o p m e n t a l t e r m s r a t h e r t h a n 
s c i e n t i f i c p o i n t s h a d b e e n c r i t i c a l i n a l l o w i n g t h e c l u s t e r i n g o f a b r o a d based 
set o f p a r t n e r s a r o u n d p a r t i c u l a r tasks. I t b r o a d e n e d t h e scope f o r shared 
i n t e r e s t . 
13.This review took place after only t w o years of phase IV and was an 
the insti tutional implications of recent program developments. 
explicit at tempt to explore some of 
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Table 1 . Key features o f the research m a n a g e m e n t a n d techno logy promot ion ap p ro ach 
of the S M I P task ne tworks a n d convent ional agricultural research a r rangements . 
Guiding agenda 
Relationships involved 
Partners 
Selection of partners 
Role of partners 
Research priority 
setting 
Work plans and 
activities 
Mandate for 
research/task 
approach adopted 
Knowledge produced 
Indicators of 
performance 
Responsibility for 
achieving impact 
Capacity building 
Conventional agricultural 
research arrangements 
Scientific 
Narrow, hierarchical 
Scientists in other public agencies 
Predetermined by institutional 
roles defined by the arrangement 
of the research system 
Fixed; predetermined by 
institutional roles defined by the 
arrangement of the research system 
Fixed; by scientists 
Fixed at beginning of project 
Fixed by institutional norms of the 
research system 
Technical/scientific 
In scientific terms to other scientists 
Other agencies dedicated to 
extension and technology promotion 
Trained scientists and research 
infrastructure 
SMIP task networks 
Developmental 
Diverse, consultative 
Scientist, entrepreneurs and 
development workers from the 
public and private sectors 
Coalitions of interest; determined by 
the nature of task, national 
institutional context and skills and 
resources available 
Flexible. Determined by the nature 
of task, national institutional context 
and skills and resources available 
Consensual; by regional stakeholders 
and by needs of task network 
Flexible, iterative 
Negotiated through coalitions of 
interest 
Technical/scientific and institutional 
In development terms to donors; 
in terms of fulfilling role in task 
network to other partners 
SMIP scientists and their partners 
in task networks 
Collective capacity of task networks, 
social capital, partnership skills 
• T h e r e was e v i d e n c e o f t h e task n e t w o r k s a s a m e c h a n i s m f o r p r i o r i t y s e t t i n g 
f o r f u r t h e r research , b u t t h i s was l i m i t e d a n d h a d n o t b e e n e x p l o i t e d . 
• B y a d o p t i n g t h i s task n e t w o r k a p p r o a c h a n d t h e r e b y b r o a d e n i n g p a t t e r n s o f 
p a r t i c i p a t i o n , t h e r e was s t r o n g e v i d e n c e f r o m t h e p r o g r a m ' s m o n i t o r i n g 
s y s t e m sugges t ing t h a t s i gn i f i c an t i m p a c t was b e i n g a c h i e v e d . 
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• S M I P ' s t ask n e t w o r k s appea red t o r ep resen t n e w i n n o v a t i o n s y s t e m 
c a p a c i t y a n d t h a t i m p o r t a n t lessons c o u l d b e d r a w n f r o m t h i s a n d sha red 
w i t h sc ien t i s t s a n d research managers a t b o t h I C R I S A T a n d i n t h e s o u t h e r n 
A f r i c a n r e g i o n . 
T h e n o t a b l e p o i n t o f t h i s case i s t h e i n t u i t i v e w a y S M I P sc ien t i s t s l e a r n t 
s o m e c r u c i a l i n s t i t u t i o n a l lessons, p a r t i c u l a r i n phase I I I w h e r e t h e y i n n o v a t e d 
w i t h p a r t n e r s h i p approaches . S u b s e q u e n t l y t h e y w e r e able t o use these 
lessons a b o u t d i v e r s i f y i n g t h e i r p a r t n e r s h i p base t o r e s p o n d to a m a j o r 
i n s t i t u t i o n a l change i n t e r m s o f a ccoun t ab i l i t y . T h i s l e d t o a series o f 
i n s t i t u t i o n a l a n d o rgan iza t iona l i n n o v a t i o n s c r e a t i n g d i f f e r e n t R & D 
a r r angemen t s t o m e e t spec i f ic task c o n t e x t s i n d i f f e r e n t s o u t h e r n A f r i c a n 
loca t ions . W h i l e t h e r e are m a n y caveats t o t h e na tu r e o f t h i s i n t e r v e n t i o n , i t 
does h i g h l i g h t t h e p o t e n t i a l va lue o f a d o p t i n g a d e v e l o p m e n t a l r a t h e r t h a n 
s c i e n t i f i c agenda a n d o f a d a p t i n g roles o f p u b l i c research organ iza t ions t o s u i t 
t h e t y p e s o f r e l a t i o n s h i p e n t e r e d i n t o w i t h n e w pa r tne r s . 
b ) The N a t i o n a l A g r i c u l t u r a l A d v i s o r y Service i n U g a n d a : A case o f 
ind igenous i n s t i t u t i o n a l i n n o v a t i o n i n a n e v o l v i n g p o l i c y a n d p o l i t i c a l 
c o n t e x t . 1 4 
T h e p u b l i c a g r i c u l t u r a l research and e x t e n s i o n s y s t e m i n U g a n d a , l i k e i n 
m a n y c o u n t r i e s i n A f r i c a , has faced m a n y chal lenges a n d changes. C i v i l 
d i s tu rbances d u r i n g t h e 1970s a n d 1980s saw a r a p i d d e c l i n e i n w h a t h a d once 
b e e n a n e f f e c t i v e a n d w e l l - r e s o u r c e d research a n d e x t e n s i o n s y s t e m . A s peace 
r e t u r n e d t o t h e c o u n t r y i n t h e la te 1980s a n d ear ly 1990s t h e r e was a n e e d t o 
r e b u i l d b o t h t h e phys i ca l research i n f r a s t r u c t u r e a n d a n e e d to re -es tab l i sh a 
w e l l t r a i n e d a n d adequa te ly p a i d p u b l i c a g r i c u l t u r a l research a n d e x t e n s i o n 
s y s t e m . T h e research sy s t em was reorgan ized i n t h e ear ly 1990s b y t h e 
c r e a t i o n o f t h e N a t i o n a l A g r i c u l t u r a l Research O r g a n i s a t i o n ( N A R O ) . 
T h e a g r i c u l t u r a l e x t e n s i o n service r e m a i n e d a separate a d m i n i s t r a t i v e 
en t ry . A n a g r i c u l t u r a l e x t e n s i o n p r o g r a m was i n t r o d u c e d i n 1 9 9 2 , t a k i n g a 
u n i f i e d ( c r o p a n d l i v e s t o c k ) a p p r o a c h based a r o u n d t h e t r a i n i n g - a n d - v i s i t 
s y s t e m . T h i s was w i d e l y c r i t i c i z e d ( W o r l d Bank 1 9 9 6 ) . 
D e s p i t e t h e r e o r g a n i z a t i o n o f b o t h t h e research a n d t h e e x t e n s i o n 
s y s t e m , t h e b r o a d i n s t i t u t i o n a l fea tures o f t h e research a n d e x t e n s i o n s y s t e m 
r e m a i n e d u n a l t e r e d . A classical h i e r a r c h y o f r e l a t ionsh ips e x i s t e d b e t w e e n t h e 
research o r g a n i z a t i o n t h a t was respons ib le f o r t e c h n o l o g y d e v e l o p m e n t a n d 
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14.This 
well 
section draws on discussions with the NAADS director and 
as MAAIF (2000) and Kidd (2001). 
member of the NAADS taskforce as 
t e s t i n g , a n d t h e e x t e n s i o n service r e spons ib l e f o r t e c h n o l o g y t ransfer . T h i s 
h i e r a r c h y also r e l a t e d t o t h e r e l a t i o n s h i p b e t w e e n e x t e n s i o n service a n d 
f a r m e r , w h e r e a c c o u n t a b i l i t y a n d re levance w e r e c r i t i c a l conce rns . 
S u b s e q u e n t d e v e l o p m e n t s i n e x t e n s i o n s u c h a s t h e v i l l age l e v e l p a r t i c i p a t o r y 
a p p r o a c h a n d t h e d e v o l u t i o n o f e x t e n s i o n r e s p o n s i b i l i t y t o d i s t r i c t l e v e l d i d 
l i t t l e t o a l t e r t h i s b o a r d i n s t i t u t i o n a l des ign . 
A f u r t h e r fea ture o f t h e sys t em was t h a t even t h o u g h t he r e was considerable 
N G O ac t i v i t y i n t h e ru ra l d e v e l o p m e n t a n d agr icu l tu ra l d e v e l o p m e n t sectors t h i s 
was w e a k l y l i n k e d i n any f o r m a l w a y t o t h e p u b l i c research a n d ex tens ion sys tem. 
H o w e v e r , b y t h e late 1990s p l u r a l i s m was increasingly a reality, w i t h N G O s 
c o n t r a c t i n g p u b l i c agents t o de l ive r services ( K i d d 2 0 0 1 ) . 
I n t h e p e r i o d 1 9 9 7 - 2 0 0 1 a k e y i n s t i t u t i o n a l change t o o k p lace t h a t w a s 
t o have f u n d a m e n t a l i m p l i c a t i o n s f o r b o t h research a n d e x t e n s i o n services. 
T h i s change began w i t h t h e d e v e l o p m e n t o f t h e P o v e r t y E r a d i c a t i o n A c t i o n 
P lan i n 1 9 9 7 a n d t h e subsequen t a d o p t i o n o f t h i s a s t h e P o v e r t y R e d u c t i o n 
S t r a t e g y Paper f o r U g a n d a . 1 5 A c o r e i n i t i a t i v e t o e m e r g e f r o m t h i s was t h e 
P o l i c y f o r the M o d e r n i s a t i o n o f A g r i c u l t u r e : E r a d i c a t i n g Pove r ty i n U g a n d a 
( P M A ) . T h i s sec to r w i d e a p p r o a c h p r o v i d e d a b r o a d v i s i o n o f w a y s o f 
i m p r o v i n g l i v e l i h o o d s i n a sus ta inable m a n n e r . I n t e r e s t i n g l y , i n 
a c k n o w l e d g m e n t o f t h e w i d e range o f f ac to r s r e spons ib l e f o r t h e 
m o d e r n i z a t i o n o f a g r i c u l t u r e t h a t l i e o u t s i d e t h e scope o f t h e M i n i s t r y o f 
A g r i c u l t u r e , A n i m a l I n d u s t r i e s a n d Fisher ies ( M A A I F ) , t h e r e s p o n s i b i l i t y f o r 
e l a b o r a t i n g t h e p l a n was g i v e n t o t h e M i n i s t r y o f F inance . K i d d ( 2 0 0 1 ) 
h i g h l i g h t s t h e seven p i l l a r s o f t h e P M A a s f o l l o w s : 
• D e e p e n i n g d e c e n t r a l i z a t i o n f o r e f f i c i e n t service d e l i v e r y ; 
• R e d u c i n g p u b l i c sec to r a c t i v i t i e s a n d p r o m o t i n g t h e r o l e o f t h e p r i v a t e 
sec tor ; 
• S u p p o r t i n g t h e d i s s e m i n a t i o n a n d a d o p t i o n o f p r o d u c t i v i t y e n h a n c i n g 
t e c h n o l o g i e s ; 
• G u a r a n t e e i n g f o o d s e c u r i t y t h r o u g h t h e m a r k e t a n d i m p r o v e d i n c o m e s ; 
• E n h a n c i n g a n d s t r e n g t h e n i n g s t a k e h o l d e r c o n s u l t a t i o n a n d p a r t i c i p a t i o n i n 
t h e p l a n n i n g a n d i m p l e m e n t a t i o n o f p r o g r a m s ; 
• D e s i g n i n g a n d i m p l e m e n t i n g g e n d e r - f o c u s e d a n d gender - r e spons ive 
p r o g r a m s ; a n d 
• E n s u r i n g t h e c o o r d i n a t i o n o f t h e m u l t i - s e c t o r a l i n t e r v e n t i o n s t o r e m o v e any 
c o n s t r a i n t s t o a g r i c u l t u r a l m o d e r n i z a t i o n ( M A A I F 2 0 0 0 , 4 ) . 
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15. Prepared under the debt relief terms of the highly indebted poor countries initiative. 
Q u i t e c lear i n t h e v i s i o n o f t h e P M A i s a v e r y s t r o n g focus o n e x t e n s i o n -
a n d n o t a b l y less o n research. I t was i n t h i s c o n t e x t a n d w i t h t h e g r o w i n g 
f r u s t r a t i o n w i t h p o o r access a n d lack o f a c c o u n t a b i l i t y o f a g r i c u l t u r a l 
e x t e n s i o n services t h a t t h e N a t i o n a l A g r i c u l t u r a l A d v i s o r y Service ( N A A D S ) 
e m e r g e d . I n 2 0 0 1 , u n d e r t h e P M A ; a N A A D S taskforce was es tab l i shed w i t h 
b r o a d p a r t i c i p a t i o n f r o m N G O s a n d o t h e r p u b l i c agencies. I t was also 
s u p p o r t e d a n d l i n k e d c lose ly t o t h e J o i n t D o n o r A g r i c u l t u r a l Sec to r S u p p o r t 
P r o g r a m m e . T h e des ign phase r e l i e d on a w i d e ranging c o n s u l t a t i o n process , 
i n v o l v i n g s t akeho lde r s i n v o l v e d i n research a n d t e c h n o l o g y t ransfer , a n d 
p o l i t i c a l s t akeho lde r s w h o s e advocacy was r e q u i r e d i n t h e s u p p o r t a n d 
p r o m o t i o n o f a n e w a p p r o a c h i n a m a j o r p u b l i c sector sphere o f a c t i v i t y . 
A t t h e e n d o f 2 0 0 1 t h e N A A D S b i l l was passed b y P a r l i a m e n t a n d t h e 
phased i n t r o d u c t i o n o f t h e p r o g r a m began i n s ix d i s t r i c t s . T h e v i s i o n o f 
N A A D S i s t h a t i n t h e n e x t 2 5 years t h e p u b l i c f i nanc ing o f adv i so ry service 
w i l l b e g r a d u a l l y r e d u c e d t o 5 0 % . T h e f inanc ia l s u p p o r t f o r t h e p r o g r a m i s t o 
c o m e f r o m t h e revenues o f c en t r a l g o v e r n m e n t , d i s t r i c t s a n d sub-coun t i e s , 
f r o m d o n o r s a n d f r o m fa rmer s . T h e f l o w o f funds f r o m a c e n t r a l c o m m o n 
baske t t h r o u g h d i s t r i c t s a n d t h e n sub-count ies i s i n t e g r a t e d i n t o n o r m a l 
p l a n n i n g and b u d g e t i n g sys tems. T h e release o f funds i s based o n t h e plans o f 
r eg i s t e red f a r m e r g roups aggregated t h r o u g h f a rmer s ' fora a n d s u b m i t t e d t o 
t h e N A A D S Secre tar ia t . Sub-coun t i e s t h e n m a k e con t r ac t s w i t h p r i v a t e 
service agents. 
T h e N A A D S p r o g r a m has f ive k e y e l e m e n t s . 1 6 
• A d v i s o r y a n d i n f o r m a t i o n services t o f a rmers . 
• T e c h n o l o g y d e v e l o p m e n t and l inkages w i t h m a r k e t s . 
• Q u a l i t y assurance - r e g u l a t i o n a n d t e c h n i c a l a u d i t i n g of service p r o v i d e r s . 
• P r iva t e sec to r i n s t i t u t i o n a l d e v e l o p m e n t ( d e v e l o p m e n t o f t h e p r i v a t e sec to r 
s o t h a t i t can p l ay t h e e x p a n d e d ro l e t h a t i s env i s i oned f o r i t ) . 
• P r o g r a m m a n a g e m e n t a n d m o n i t o r i n g . 
A t t h e co re o f t h e N A A D S i n i t i a t i v e i s t h e c o m m i t m e n t t o g ive 
t e c h n o l o g y users ( f a rmer s ) c o n t r o l over f inanc ia l resources t o c o n t r a c t i n 
a d v i s o r y services a n d ( u l t i m a t e l y ) t o generate p r i v a t e funds f o r p r i v a t e 
d e l i v e r y o f these services. A f u r t h e r f ea tu re i s t h e e s t a b l i s h m e n t o f an 
i n n o v a t i o n f u n d , w h i c h t h e f a r m e r groups can use t o b u y t e c h n o l o g y 
d e v e l o p m e n t o r research services. Part o f t h e n o v e l t y o f t h e a p p r o a c h i s t h a t 
16. Full details can be seen in MAAIF (2000). 
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t h e f a r m e r s are ab le t o b u y adv i so ry a n d research services f r o m any 
o r g a n i z a t i o n t h a t t h e y choose . T h i s c o u l d b e t h e o l d p u b l i c e x t e n s i o n s y s t e m 
( w h i c h i s s t i l l i n p l a c e ) , p u b l i c research o rgan iza t ions , N G O s o r p r i v a t e 
o rgan iza t ions . T h e r e has b e e n t h e e m e r g e n c e o f l oca l p r i v a t e adv i so ry 
en te rp r i s e s t o serv ice t h e needs o f f a r m e r s , a n d i n d e e d t h i s i s b e i n g p r o m o t e d 
b y N A A D S . A l t h o u g h t h e e m e r g e n c e o f s u c h services w i l l u n d o u b t e d l y 
m a t u r e a n d e v o l v e cons ide rab ly , t h e d e v e l o p m e n t o f n e w o r g a n i z a t i o n a l t y p e s 
i n response t o a m a r k e t f o r k n o w l e d g e services i s a n i m p o r t a n t d e v e l o p m e n t . 
O f e q u a l i n t e r e s t i s t h e t e n d e n c y f o r research o rgan iza t ions f r o m N A R O 
( p e r e n n i a l l y s h o r t o f o p e r a t i o n a l resources) t o seek f u n d s f r o m these f a r m e r s 
g r o u p s . T h i s i s a s i gn i f i c an t i n s t i t u t i o n a l change w i t h respec t t o t h e e m e r g e n c e 
o f a m o r e d e m a n d d r i v e n m o d e l o f R & D . Perhaps m o r e s i g n i f i c a n t l y t h i s 
suggests a m o r e f u n d a m e n t a l i n s t i t u t i o n a l change w i t h respec t t o t h e 
r e s p e c t i v e ro les o f research a n d e x t e n s i o n i n t h e des ign o f t h e t e c h n o l o g y 
s y s t e m . U n d e r these n e w a r r a n g e m e n t t h e p r i o r i t i e s a n d approaches o f 
N A A D S , a n d t h e i r f a c i l i t a t i o n o f t h e f a r m e r s ' v o i c e i n t h e research a n d 
t e c h n o l o g y p r o m o t i o n process , i s s t a r t i n g ( a l b e i t i n a l i m i t e d w a y ) t o b e c o m e a 
d r i v e r f o r t h e research o r g a n i z a t i o n . T h i s o v e r t h r o w s t h e c o n v e n t i o n research 
- e x t e n s i o n h i e r a r chy . 
N A A D S i s c l e a r l y a n a m b i t i o u s i n i t i a t i v e w i t h s ign i f i can t i m p l i c a t i o n s f o r 
t h e i n s t i t u t i o n a l a r r a n g e m e n t s o f R & D . T h e s e i m p l i c a t i o n s are s u m m a r i z e d i n 
Table 2 . N A A D S is at an ea r ly stage a n d i t w i l l b e e x p a n d e d as t h e w i d e r 
processes o f g o v e r n m e n t d e c e n t r a l i z a t i o n r each m o r e d i s t r i c t s . T h e r e are also 
s o m e e l i g i b i l i t y c r i t e r i a t h a t are N A A D S - spec i f ic , i n c l u d i n g a w i l l i n g n e s s t o 
r e t r e n c h e x t e n s i o n agents, t h e p r o v i s i o n o f c o u n t e r p a r t c o n t r i b u t i o n s a n d t h e 
" i n s t i t u t i o n a l i z a t i o n " o f m e c h a n i s m s f o r p r o d u c e r e m p o w e r m e n t . I t i s 
a rguab ly t h i s last p o i n t t h a t i s t h e m o s t c r i t i c a l cha l l enge a n d a t t h e same t i m e 
o n e o f t h e m o s t i m p o r t a n t n e w i n s t i t u t i o n a l a r r a n g e m e n t t h a t N A A D S a n d 
t h e w i d e r c e n t r a l i z a t i o n process e m b o d i e s . 
K i d d ( 2 0 0 1 ) i s c a u t i o u s a b o u t t h e a b i l i t y o f N A A D S t o p r o v i d e access t o 
services f o r p o o r p r o d u c e r s ( o f t e n w o m e n ) , o f t e n t h o s e w i t h t h e least soc ia l 
c a p i t a l . A l s o t h e danger o f ma le s a n d e l i t es " c a p t u r i n g " f a r m e r s ' o rgan iza t ions 
a n d o t h e r d e c e n t r a l i z e d s t r u c t u r e s ; a n d t h e c o n f l i c t s o f i n t e r e s t t h a t m a y arise 
i n t h e c o n t r a c t i n g process . T h e p a r a d o x i s t h a t b y i n s i s t i ng t h a t p r o d u c e r s 
reg i s te r as g roups , h a v i n g socia l c a p i t a l is a p r e - c o n d i t i o n f o r accessing services 
t a r g e t e d a t t h o s e w h o have least social c a p i t a l . N A A D S accepts t h a t these 
issues w i l l n e e d c lose a t t e n t i o n . S i m i l a r l y t h e i n i t i a t i v e is d i s t i n g u i s h e d b y i t s 
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T a b l e 2 . K e y ins t i tu t iona l d i f f e r e n c e s b e t w e e n c o n v e n t i o n a l a g r i c u l t u r a l e x t e n s i o n 
a n d N A A D S . 
Inst i tut ional f ea tu res Conven t i ona l ex tens ion N A A D S 
F u n d i n g 
De l i very 
S c o p e 
Organ i z i ng pr inc ip le 
P r o g r a m p lann ing a n d 
i m p l e m e n t a t i o n 
Accoun tab i l i t y 
Ro le in research 
S o u r c e s a n d m o d e s o f 
inst i tut ional innovat ion 
Publ ic on ly 
Publ ic ( some t imes th rough 
de facto pr ivat izat ion) 
Techno logy t ransfer 
Techno logy t ransfer 
Cen t ra l i zed , by publ ic agency 
To cent ra l bu reauc racy 
P romot ing f ind ings 
Ex te rna l ; dono r d r iven th rough 
in t roduct ion of stat ic b luepr in ts 
Comb ina t i on o f publ ic a n d pr iva te 
f rom fa rmers 
Mul t ip le serv ice p rov iders f r om publ ic 
and pr ivate agenc ies 
Advisory, inc lud ing techno logy a n d 
market in format ion 
L ive l ihood suppor t t h rough 
modern iza t ion a n d commerc ia l i za t i on 
of agr icu l ture. (Faci l i tat ing opera t ion 
of rural innovat ion sys tem.) 
Decent ra l i zed w i th par t ic ipat ion of 
fa rmers a n d local g o v e r n m e n t a t 
sub-county level 
To fa rmers th rough decen t ra l i zed 
gove rnance s t ruc tures 
Suppor t ing c l ient in i t iated pr ior i ty 
set t ing a n d resource a l locat ion 
th rough innovat ion f unds 
Ind igenous ; des i gned t h o u g h 
consu l ta t ion w i th prov is ion for 
learn ing a n d d e v e l o p m e n t o f 
s i tuat ion speci f ic i ty 
Ro le o f d o n o r s Fund ing a n d pol icy in tervent ion Fund ing a n d pol icy suppor t t h rough 
sector w ide app roaches 
a d o p t i o n o f a f l e x i b l e l e a rn ing app roach . I t needs t o pay p a r t i c u l a r a t t e n t i o n t o 
m o n i t o r i n g a n d s t ee r ing t h e s h i f t i n g p o w e r r e l a t i o n t h a t t h e p r o g r a m envisages 
a m o n g t h e va r ious p layers r e l a t e d t o a g r i c u l t u r a l e x t e n s i o n ( K i d d 2 0 0 1 ) . W h a t 
does seem clear, h o w e v e r , i s t h a t t h e a b i l i t y o f t h e N A A D S i n i t i a t i v e t o 
c o n t r i b u t e t o w a r d s t h e l i v e l i h o o d s o f t h e p o o r i n U g a n d a i s i n e x t r i c a b l y l i n k e d 
t o t h e e m e r g e n c e ( a n d success) o f w i d e r e f fo r t s t o d e v e l o p d e c e n t r a l i z e d 
gove rnance m e c h a n i s m s f o r t h e p u b l i c sector a n d d e v e l o p m e n t services t h a t 
are t r u l y a c c o u n t a b l e t o p o o r s takeholders . T h i s i s a n e n o r m o u s task. 
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A n u m b e r o f p o i n t s arise f r o m t h i s case s tudy . F i r s t l y , t h e i m p o r t a n c e o f 
t h e h i s t o r i c a l c o n t e x t , a n d c o n t e m p o r a r y i n s t i t u t i o n a l d e v e l o p m e n t s s u c h a s 
t h e P M A a n d d e c e n t r a l i z a t i o n , t h a t have h e l p e d shape a n d genera te s u p p o r t 
f o r t h i s i n i t i a t i v e ( i n c o m p e t i t i o n w i t h t h e c o n t e n d i n g , c o n v e n t i o n a l e x t e n s i o n 
a p p r o a c h ) . Secondly , t h e i m p l i c a t i o n s o f a d o p t i n g a n o r g a n i z a t i o n p r i n c i p l e f o r 
a g r i c u l t u r a l e x t e n s i o n t h a t i s m o r e r e l e v a n t t o l i v e l i h o o d . T h e b r o a d e n e d 
scope o f e x t e n s i o n t o t e c h n o l o g y a n d m a r k e t a d v i s o r y services t h a t l i n k s t h e 
goals m u c h m o r e s t r o n g l y w i t h c o n t e m p o r a r y d e v e l o p m e n t needs o f t h e 
p r o d u c e r s . T h i r d l y , t h e i m p l i c a t i o n s t h i s has f o r t h e c o n v e n t i o n a l research -
e x t e n s i o n h i e r a r c h y a n d t h e e m e r g e n c e o f a p o t e n t i a l r o l e f o r N A A D S a s 
o rgan i z ing a n d f a c i l i t a t i n g t h e r u r a l i n n o v a t i o n s y s t e m . 
F o u r t h l y , t h e e s t a b l i s h m e n t o f a n e w o rgan iza t iona l focus f o r p r i o r i t y 
s e t t i n g a n d r e sou rce a l l o c a t i o n ( f a r m e r g r o u p s ) a n d service p r o v i s i o n a l w i t h i n 
n e w d e c e n t r a l i z e d gove rnance a n d a c c o u n t a b i l i t y a r r angemen t s . A n o t a b l e 
aspect o f t h i s has b e e n t h e e m e r g e n c e o f associated, r u r a l l y based 
e n t r e p r e n e u r i a l a c t i v i t y a n d o p p o r t u n i t i e s i n t h e p r o v i s i o n o f a d v i s o r y services. 
F i f t h l y , t h e r e l a t i o n s h i p b e t w e e n N A A D S , t h e w i d e r i n s t i t u t i o n a l a n d 
p o l i t i c a l process c o n c e r n e d w i t h d e c e n t r a l i z a t i o n a n d t h e ( a t t e m p t e d ) 
c r e a t i o n o f n e w p a t t e r n s o f gove rnance i n t h e d e v e l o p m e n t process . C r i t i c a l i s 
t h e fac t t h a t t h e success o f N A A D S d e p e n d s t o a large degree o n t h e success 
o f t h e i n s t i t u t i o n a l change t a k i n g p lace i n t h e w i d e r p o l i t i c a l process i n t h e 
c o u n t r y . A r e l a t e d p o i n t conce rns t h e r o l e o f a range o f s t akeho lde r s , i n c l u d i n g 
p o l i t i c a l ones i n s u p p o r t a n d advocacy f o r a n e w a n d p o t e n t i a l c o n t r o v e r s i a l 
t y p e o f p u b l i c i n t e r v e n t i o n . N o t e also t h a t w h i l e t h e d o n o r s have p l a y e d a 
large r o l e i n t h i s i n t e r v e n t i o n , t h i s has b e e n m u c h m o r e c o n c e r n e d w i t h 
n u r t u r i n g a n i n d i g e n o u s i n s t i t u t i o n a l i n n o v a t i o n w i t h i n a w i d e r v i s i o n o f 
p o v e r t y - f o c u s e d d e v e l o p m e n t . T h i s con t ra s t s s t r o n g l y w i t h t h e i n t r o d u c t i o n 
o f o t h e r e x t e n s i o n p a r a d i g m s s u c h a s t r a i n i n g - a n d - v i s i t , w h e r e t h e a p p r o a c h 
h a d b e e n t o i n t r o d u c e a n i n s t i t u t i o n a l b l u e p r i n t . N A A D S seeks t o f u r t h e r 
e v o l v e i t s a p p r o a c h t h r o u g h l e a r n i n g a n d i n n o v a t i o n . 
c) Banana tissue culture in Kenya: A case of multi-agency collaboration in 
biotechnology development and promotion.17 
C o o k i n g a n d desser t bananas are k e y s tap le f o o d a n d cash c rops i n m u c h 
o f East A f r i c a . W h i l e c o o k i n g t y p e s have t r a d i t i o n a l l y p l a y e d t h e c e n t r a l r o l e i n 
r u r a l e c o n o m i e s , d o m e s t i c a n d e x p o r t t r a d e o f desser t va r i e t i e s p resen t s a n 
i m p o r t a n t o p p o r t u n i t y f o r small-scale p roducers . H o w e v e r , t h e emergence o f a 
3 2 4 
17. This section is based on Wambugu et al. (2001). 
n u m b e r o f p l a n t pathogens, spread b y t h e vegetative propagat ion o f t h e c rop , has 
increasingly t h r e a t e n e d p r o d u c t i o n . Th i s case s tudy describes an i n t e r v e n t i o n t h a t 
b r o u g h t toge the r p u b l i c sector scientif ic organizations and a n u m b e r p r iva te sector 
companies . I t concerns a p ro jec t t h a t e x p l o i t e d tissue c u l t u r e t echno logy to 
generate, m u l t i p l y and d i s t r i bu t e disease resistant p lan t ing mate r i a l . 
T h e i n t e r v e n t i o n was l ead b y t h e I n t e r n a t i o n a l Serv ice f o r t h e 
A c q u i s i t i o n o f A g r i - b i o t e c h n o l o g y A p p l i c a t i o n s ( I S A A A ) . A s a n advocacy a n d 
f a c i l i t a t i o n o r g a n i z a t i o n t h e r o l e o f I S A A A was t o concep tua l i ze t h e n a t u r e o f 
t h e i n t e r v e n t i o n r e q u i r e d , a t t r a c t f inanc ia l s u p p o r t f r o m t h e d o n o r 
c o m m u n i t y a n d t o i d e n t i f y a n d f o r m par tne rsh ips w i t h t h e range o f p u b l i c a n d 
p r i v a t e o rgan iza t ions r e l evan t t o t issue c u l t u r e R & D a n d t h e p r o d u c t i o n a n d 
d i s t r i b u t i o n o f banana p l a n t l e t s . T h e K e n y a A g r i c u l t u r a l Research I n s t i t u t e 
( K A R I ) was chosen a s a p a r t n e r t o hos t t h e p r o j e c t because o f i t s research a n d 
e x t e n s i o n i n f r a s t r u c t u r e t h r o u g h o u t Kenya , a n d because o f i t s s c i en t i f i c 
c a p a b i l i t y i n c u l t i v a r e v a l u a t i o n a n d ag ronomic s tudies o f i n t r o d u c e d var ie t ies . 
I S A A A also n e e d e d t o i d e n t i f y a source o f disease-free p l a n t i n g m a t e r i a l 
f o r t i s sue c u l t u r e m u l t i p l i c a t i o n . A S o u t h A f r i c a n c o m p a n y - D u R o i 
L a b o r a t o r i e s was chosen to s u p p l y banana p lan t l e t s , a s t h i s e x p e r t i s e was n o t 
avai lable i n K e n y a . A loca l K e n y a n company , G e n e t i c Technologies L i m i t e d , 
w i t h e x p e r t i s e i n t i ssue c u l t u r e i n o t h e r c rops was i d e n t i f i e d t o h a n d l e t h e 
m a t e r i a l s s u p p l i e d b y D u R o i . Techn ica l b a c k s t o p p i n g i n , f o r e x a m p l e , v i r u s 
d iagnos t ics , was p r o v i d e d b y t h e J o h n Innes C e n t r e , U K , a n d t h e I n s t i t u t e o f 
T r o p i c a l a n d S u b - t r o p i c a l C r o p s , a S o u t h A f r i c a n p u b l i c research o rgan i za t i on . 
I S A A A i d e n t i f i e d these pa r tne r s . 
I S A A A was able t o a t t r a c t f inanc ia l s u p p o r t f r o m t h e Rocke fe l l e r 
F o u n d a t i o n a n d t h e I n t e r n a t i o n a l D e v e l o p m e n t Research C e n t r e ( I D R C ) o f 
Canada . T h e A f r i c a n Techno logy Pol icy S tudies N e t w o r k p a i d f o r research t o 
e x a m i n e t e c h n o l o g y d i f f u s i o n . T h i s was c a r r i e d o u t b y t h e C e n t r e f o r 
D e v e l o p m e n t Research, U n i v e r s i t y o f B o n n , G e r m a n y . 
As a r e s u l t o f t h i s a p p r o a c h p l a n t l e t s o f a range o f banana cu l t i va r s w e r e 
t r a n s f e r r e d f r o m S o u t h A f r i c a , m u l t i p l i e d i n K e n y a a n d t e s t e d i n d i f f e r e n t 
agro-eco log ica l zones, i n d i f f e r e n t f a r m p r o d u c t i o n scenarios, a n d t h e 
cha rac t e r i s t i c s w e r e assessed f o r a g r o n o m i c features , q u a l i t y t r a i t s a n d 
p r o d u c t i o n costs a n d r e t u r n s . T h e p a r t i c i p a t i o n o f f a rmers was sought i n these 
eva lua t ions . I m p r o v e d m a t e r i a l was f o u n d t o increase b u n c h w e i g h t f r o m 15-
3 0 k g t o ove r 4 0 k g . 
H o w e v e r , i t was f o u n d t h a t c e r t a i n i n t r o d u c e d var ie t ies w e r e n o t p o p u l a r 
a n d emphas i s s h i f t e d t o p r o d u c i n g disease-free p l an t l e t s o f loca l va r ie t i es . 
3 2 5 
Since e x p e r t i s e t o p ropaga t e l o c a l g e r m p l a s m was n o t avai lable i n K e n y a , 
assistance was sough t f r o m t h e U g a n d a n N a t i o n a l Banana P r o g r a m m e , w h i c h 
h a d r e c e i v e d f u n d i n g f r o m t h e R o c k e f e l l e r F o u n d a t i o n . 
T h e p r o j e c t was also able t o r e s p o n d t o g e n d e r - d i f f e r e n t i a t e d v a r i e t y 
p re fe rences , t h e m e n a n d w o m e n c u l t i v a t i n g va r i e t i e s t o ca te r t o d i f f e r e n t 
m a r k e t segments . T h i s b e c a m e a n i m p o r t a n t d e t e r m i n a n t i n t h e s e l e c t i o n o f 
l o c a l va r i e t i e s f o r t h e d e v e l o p m e n t o f disease-free m a t e r i a l . 
A s t h e p r o j e c t p rogressed a n d m a r k e t i n g p r o b l e m s w e r e r evea led , 
Banana G r o w e r s ' Assoc i a t i ons w e r e f o r m e d t o i m p r o v e t h e ba rga in ing p o s i t i o n 
o f f a r m e r s . T o m e e t t h e r a p i d l y r i s i n g d e m a n d f o r t i ssue c u l t u r e p l a n t i n g 
m a t e r i a l K A R I a n d I S A A A i d e n t i f i e d c h u r c h g roups a n d k e y f a r m e r s t o 
e s t ab l i sh nurser ies a n d d i s t r i b u t i o n p o i n t s . 
Ex post i m p a c t analysis suggested t h a t average p e r acre i n c o m e s f o r s m a l l , 
m e d i u m a n d large-scale f a r m s c o u l d r ise 1 5 6 % , 1 4 5 % a n d 1 0 6 % , respec t ive ly . 
E v i d e n c e o f s t r o n g e f f e c t i v e d e m a n d f o r p l a n t l e t s , w i t h f a r m e r s w i l l i n g t o pay 
a s m u c h U S $ 3 u n d e r l i n e s t h e p e r c e i v e d va lue o f t h i s n e w t e c h n o l o g y . T h e 
p r o j e c t was n o t w i t h o u t i t s p r o b l e m s . I t was f o u n d t h a t a m a j o r b o t t l e n e c k t o 
t e c h n o l o g y a d o p t i o n was t h e a v a i l a b i l i t y o f c r e d i t t o b u y banana p l a n t l e t s . T o 
reso lve t h i s t h e p r o j e c t l i n k e d t o l oca l m i c r o - f i n a n c e i n s t i t u t i o n s . H o w e v e r , 
these a r r a n g e m e n t s are s t i l l e v o l v i n g a p p r o p r i a t e approaches t h a t i n c l u d e t h e 
d e v e l o p m e n t o f c o m m u n i t y - b a s e d c r e d i t a n d saving g roups . 
O t h e r i m p o r t a n t o u t c o m e s f r o m t h e p r o j e c t w e r e v i e w e d a s t h e 
d e v e l o p m e n t o f a n a t i o n a l c apac i t y i n banana t i ssue c u l t u r e , p l a n t l e t 
p r o d u c t i o n a n d d i s t r i b u t i o n . T h e r e are n o w f ive t i ssue c u l t u r e l abo ra to r i e s i n 
K e n y a . W h i l e t h i s c apac i t y was c o n t a i n e d j o i n t l y i n t h e expe r i ences o f K e n y a n 
p u b l i c a n d p r i v a t e o rgan iza t ions , i t also recognizes l inkages w i t h t h e 
i n t e r n a t i o n a l research c o m m u n i t y t h a t t h i s i n i t i a t i v e has s t r e n g t h e n e d . 
S i m i l a r l y t h e n e e d f o r p l a n t l e t d i s t r i b u t i o n has p r e s e n t e d a n i m p o r t a n t 
e n t r e p r e n e u r i a l o p p o r t u n i t y t o N G O s a n d C B O s . 
A n u m b e r o f i n t e r e s t i n g p o i n t s arise f r o m t h i s case. T h e f i r s t i s t h e 
i m p o r t a n t r o l e p l a y e d b y o rgan iza t ions l i k e I S A A A i n c o n c e p t u a l i z i n g a n d 
f a c i l i t a t i n g a n e t w o r k o f p a r t n e r s a r o u n d a k e y d e v e l o p m e n t task. N o t e t h a t 
w h i l e t h e i n t e r v e n t i o n i s t e c h n o l o g i c a l l y based, i t s goals r e l a t e t o s e t t i n g u p a 
t e c h n o l o g y d e v e l o p m e n t a n d s u p p l y s y s t e m a n d a c h i e v i n g a n d sus ta in ing 
i m p a c t o n t h e f a r m e r . T h i s has a c t e d a s a n i m p o r t a n t o rgan i z ing p r i n c i p l e f o r 
t h e p a r t n e r s h i p s a n d s t ra tegy e s t ab l i shed . T h e o t h e r r o l e o f I S A A A i s i n 
i d e n t i f y i n g p o t e n t i a l f u n d i n g . 
Secondly , t h e r e i s a grea t d i v e r s i t y o f tasks t h a t n e e d t o be a c h i e v e d t o 
i n t r o d u c e t h i s n e w t e c h n o l o g y . As a consequence a w i d e range o f o rgan iza t ions 
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i s r e q u i r e d - s c i en t i f i c , e n t r e p r e n e u r i a l , t e c h n o l o g y users, c o m m u n i t y based, 
v o l u n t a r y , m a r k e t ac tors , n a t i o n a l a n d i n t e r n a t i o n a l p u b l i c agencies - w i t h a 
d i v e r s i t y o f roles t h a t t h e y n e e d t o p lay (Table 3 ) . These g o b e y o n d t h e 
Table 3 . S u m m a r y of the organ iza t ions involved in the banana t issues cul ture 
init iat ive a n d their ro les a n d responsibi l i t ies. 
Organization 
I S A M 
Rockefeller and IDRC 
KARI 
DuRoi Laboratories South Africa 
Genetic Technologies Limited 
African technology policy 
studies network 
Centre for Development Research 
Men and women farmers 
Banana Growers' Association 
Micro finance institutions 
Micro-entrepreneurs 
Private Kenyan companies 
Ugandan National Banana programme 
John Innes Centre, UK 
Institute for tropical and Sub-tropical 
Crops, South Africa 
Role and responsibilities 
Program oversight, fund raising, partnership development 
and advocacy 
Financial support, later on networking into complementary 
initiatives that it had also funded 
Initially, evaluation of introduced varieties. Later the 
selection of local varieties for development and 
subsequently technical backstopping and plantlet 
production in promotion phase, including training and 
extension role; also had a role in selling banana plantlets 
Supply of banana plantlets of new varieties and 
associated technology 
Tissue culture expertise to multiply imported disease free 
plantlet from South Africa 
Funded research on technology transfer mechanism and 
adoption performance and impact 
Ex ante impact assessment studies including market 
assessment, and later ex post impact assessment 
including adoption studies 
Evaluation of imported material and selection of preferred 
local varieties 
Collective negotiation in output markets and to assist 
access to credit 
Credit for replanting with improved material 
Distribution of banana plantlets and related inputs at 
village level 
Production and sale of banana plantlets; linkage to export 
markets for bananas 
Expertise in generating improved disease free material 
from local varieties 
Virus diagnostics expertise 
Designing field management practices and developing 
commercialization strategy jointly with others 
Source: Adapted from Wambugu et al. (2001). 
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c o n v e n t i o n a l i n s t i t u t i o n a l ro les o f s t ra teg ic , a d a p t i v e research a n d t e c h n o l o g y 
t r ans f e r tasks ( a l t h o u g h these s t i l l are i m p o r t a n t ) . F u r t h e r m o r e , o rgan iza t ions 
l i k e K A R I t h a t i n i t i a l l y have a c r i t i c a l r o l e i n e v a l u a t i n g n e w var ie t i e s have 
c h a n g e d t h e i r r o l e t o a s t h e i n t e r v e n t i o n has m a t u r e d i n t o a d i s t r i b u t i o n task . 
T h i r d l y , a k e y cha rac t e r i s t i c o f t h e i n t e r v e n t i o n i s t h e s t r o n g l y i n t e r a c t i v e 
n a t u r e o f t h e i n t e r v e n t i o n a n d t h e success e m a n a t i n g f r o m a d o p t i n g n e w 
strategies a n d p a r t n e r s . F o u r t h l y , t h e i m p o r t a n c e o f a n e f f e c t i v e a n d i m p a c t 
f o c u s e d m o n i t o r i n g s y s t e m t h a t was u sed i n t h e des ign a n d i m p l e m e n t a t i o n 
phases. F i f t h l y , t h e capac i t y b u i l d i n g e f fec t s o f d e v e l o p i n g sys tems o f t h i s t y p e 
a n d p a r t i c u l a r l y t h o s e a r i s ing f r o m t h e c o m b i n e d capac i ty o f n e w n e t w o r k s o f 
p a r t n e r s . A n d s i x t h l y , t h e p o t e n t i a l o f such i n t e r v e n t i o n s t o c rea te 
e n t r e p r e n e u r i a l o p p o r t u n i t i e s , p a r t i c u l a r l y i n r u r a l areas w h e r e n e w l i v e l i h o o d 
o p t i o n s are o f t e n l i m i t e d . 
N e w institutional ar rangements for 
agricultural R&D in Africa? Implications and 
ways f o r w a r d 
T o analyze t h e i m p l i c a t i o n s o f t h e i n s t i t u t i o n a l d e v e l o p m e n t s i l l u s t r a t e d i n t h e 
case s tud ies , i t i s u s e f u l t o r e t u r n t o t h e t w o pe r spec t ives i n t r o d u c e d ea r l i e r i n 
t h e paper . F i r s t l y , t h e s ix i n s t i t u t i o n a l changes m e n t i o n e d a s b e i n g n e e d e d i n 
R & D a r rangemen t s ; a n d secondly , t h e a n a l y t i c a l f o c i i n t r o d u c e d o n i n n o v a t i o n 
sys tems . T a k e n t o g e t h e r t h i s suggests s ix b r o a d t h e m e s o f analysis are u s e f u l t o 
eva lua te t h e d e v e l o p m e n t s o b s e r v e d i n these case s tud ies : 
• Sys t ems fea tures ; 
• Roles o f d i f f e r e n t ac tors ; 
• G o v e r n a n c e o f R & D ; 
• T h e w i d e r i n s t i t u t i o n a l a n d p o l i c y c o n t e x t a n d i t s i m p l i c a t i o n s ; 
• C a p a c i t y b u i l d i n g ; a n d 
• P o v e r t y focus a n d i m p a c t . 
Table 4 presen ts a s u m m a r y a n d c o m p a r i s o n of t h e t h r e e case s tud ies 
u s i n g these s ix b r o a d t h e m e s . 
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Continued 
T a b l e 4 . N e w ins t i tu t iona l a r r a n g e m e n t s c o m p a r e d . 
Fea tu res 
1. S y s t e m fea tu res 
1.1 Ac to rs a n d n e w 
pa t te rns of 
pa r tne rsh ip invo lved 
1.2 N e w pat te rns of 
pa r tne rsh ip a n d 
re la t ionsh ip 
1.3 S o u r c e s of 
ins t i tu t iona l 
innova t ion a n d 
lea rn ing 
S M I P 
D iverse comb ina t i ons 
of ac tors f r om publ ic, 
en te rpr ise , N G O and 
C B O sectors . 
Flat ter mo re consul ta t ive 
par tnersh ip re lat ionships 
to explo i t comp lemen ta ry 
resou rces . 
Exper imenta t ion wi th 
par tnersh ip in ear l ier 
phases o f the p rog ram. 
External advocacy by 
donor for b roader 
par tnersh ips . Intuit ive 
p rocess in p rog ram 
dr iven by need to 
del iver impact . 
2 . R o l e o f d i f ferent ac to rs 
2.1 Ro le of pr ivate 
en te rp r i se 
2.2 Ro le o f N G O s 
2.3 Ro le o f C B O s 
C o m m o d i t y output 
marke ts . 
Imp lement ing ini t iat ives. 
Market studies, enterpr ise 
deve lopmen t . Faci l i tat ing 
l inkages b e t w e e n fa rmers 
and o ther agenc ies . 
C o m m u n i t y b a s e d s e e d 
p roduc t i on . 
N A A D S 
Diverse combina t ions 
of actors f rom publ ic, 
enterpr ise, N G O and 
C B O sectors . 
Par tnersh ips 
encourag ing broader 
part ic ipat ion of 
fa rmers in p lann ing 
a n d accountabi l i ty of 
serv ice del ivery 
agenc ies . 
Ind igenous 
inst i tut ional 
innovat ion th rough 
w ide rang ing 
consul ta t ions. Explici t 
recogni t ion of learning 
and flexibi l i ty in 
p rog ram des ign . 
Supp ly ing adv isory 
serv ices . 
Supp ly ing adv isory 
serv ices . 
Priori ty set t ing a n d 
p lanning of advisory 
serv ice p rograms. 
ISAAA b a n a n a 
b io techno logy 
D iverse comb ina t i ons 
of ac tors f rom publ ic , 
enterpr ise, N G O a n d 
C B O sectors . 
Par tnersh ips fos ter ing 
the comp lemen ta ry of 
publ ic and enterpr ise 
sec tors . 
Externa l advocacy for 
publ ic pr ivate sec tor 
par tnersh ip in 
b io techno logy. Bu t 
cons ide rab le 
i terat ive inst i tut ional 
innovat ion dur ing 
imp lementa t ion a n d 
sca le up . 
Product ion exper t i se 
in t issue cu l ture. 
Del ivery sys tems , 
input marke ts . 
Del ivery sys tems , 
faci l i tat ing rural 
m ic ro -en te rp r i se 
d e v e l o p m e n t . 
Col lec t ive ba rga in ing 
and access in output 
marke ts and 
mic ro - f inance . 
T a b l e 4. Continued. 
Featu res 
2.4 Role o f N A R E I S 
3 . G o v e r n a n c e o f R & D 
3.1 Ro le of dono rs 
3.2 Ro le of 
in ternat ional agenc ies 
3.3 S c o p e of 
par t ic ipat ion in pr ior i ty 
set t ing, resource 
a l locat ion, techno logy 
d e v e l o p m e n t 
a n d test ing 
3.4 Accountab i l i ty a n d 
assoc ia ted m e c h a n i s m 
S M I P 
Par tner prov id ing 
research serv ices, 
techno logy a n d 
techn ica l backs topp ing . 
Crea t ing regulatory 
f r amework for s e e d 
sector. L inkage wi th 
in ternat ional scient i f ic 
commun i t y . 
Sou rce of funds directly. 
N A A D S 
N A A D S - faci l i tat ing 
the deve lopmen t of 
decen t ra l i zed , 
accoun tab le a n d 
re levant adv isory 
serv ice . 
F inancia l a n d pol icy 
Advocacy of pr ivate sector faci l i tat ion th rough 
led deve lopmen t m o d e l . 
P rog ram m a n a g e m e n t 
a n d overs ight . L inkage 
to source of funds . 
Techno logy supply. 
Research serv ices. 
L inkage faci l i tat ion. 
Consu l ta t ive wi th many 
par tners , inc luding 
fa rmers a n d techno logy 
users . S o m e ev idence 
of research prior i t ies 
emerg ing f rom task 
ne tworks . 
S M I P scient ist direct ly 
accoun tab le to donor 
for deve lopmen ta l 
impact . R igorous 
moni to r ing sys tem 
in p lace . 
sector w ide app roach 
Externa l eva lua t ion . 
P rog ram fa rmer led. 
Potent ia l to genera te 
research pr ior i t ies. 
Accountab i l i t y 
decent ra l i zed to 
fa rmer g roups a n d 
sub-coun ty 
gove rnmen t t h rough 
compet i t i ve serv ice 
prov is ion. Overa l l 
p rog ram moni to r ing 
sys tem in p lace . 
ISAAA b a n a n a 
b io techno logy 
Prov id ing access to 
research a n d 
ex tens ion 
in f rast ructure. 
Prov id ing exper t ise 
in techno logy 
eva luat ion . L inkages 
w i th in ternat ional 
scient i f ic communi ty . 
Role evo lved as 
p rog ram matu red . 
F inanc ia l 
suppor t . In formal 
. ne twork of o ther 
c o m p l e m e n t a r y 
pro jects a n d exper t ise . 
P rog ram m a n a g e m e n t 
a n d overs ight . L inkage 
to sources of 
funds . Internat ional 
advocacy . 
Farmer part ic ipat ion in 
techno logy eva lua t ion . 
P rog ram responded to 
var iety se lect ion 
cr i ter ia o f m e n a n d 
w o m e n fa rmers . 
Donor f unded ex an te 
a n d ex p o s t impact 
assessmen t s tud ies. 
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Continued 
Tab le 4. Continued. 
Features 
3.5 Scope of vision 
and goals 
SMIP 
Developmental. Food 
and livelihood security 
through better access 
to markets technology 
and a greater role of 
the private sector. 
4. Wider institutional and policy context 
4.1 Relationship with 
developments in wider 
institutional and 
political environment 
5 Capacity building 
5.1 Scope of capacity 
building 
Embedded in the 
debates in SACR 
concerning the need 
to introduce private and 
other plays in research. 
Transitory capacity in 
task network. 
Longer-term capacity 
in partnering skills. 
Development of 
formal network. 
6. Poverty focus and impact 
6.1 Impact 
6.2 Mechanisms to 
address access and 
governance of the 
poor specifically 
Monitoring targets 
achieved, but no 
specific quantification of 
poverty impacts. To be 
addresses ex post. 
Develop stronger 
partnerships with 
organizations with 
developmental focus 
and operational access 
to the poor. Voice and 
power structure 
not explored. 
NAADS 
Developmental. Food 
ISAAA banana 
biotechnology 
Developmental, 
and livelihood security through frontier 
through better access 
to markets technology 
and a greater role of 
the private sector. 
Embedded in wider 
political and 
institutional changes 
associated with 
decentralization and 
new patterns of 
pro-poor governance. 
Specific focus on 
science. Improved 
access to technology 
and markets through 
private sector 
involvement. 
Embedded in 
advocacy for 
exploiting 
biotechnology in 
smallholder 
agriculture. 
Emergence of board 
private sector capacity based capacity in 
development 
with the long term 
vision of a more 
pluralistic, integrated 
poverty focused rural 
innovation system. 
Too early to assess. 
Awareness of the 
need to monitor 
evolving power 
relationships and 
"capture" of 
decentralized 
structures explicit in 
program design. 
activities associated 
with the exploitation of 
tissue culture. 
Adoption and impact 
studies indicate initial 
income impact of 
more than 100% 
improvement. 
Attention given to the 
perceptions of both 
men and women 
farmers in technology 
evaluation and 
testing. Impact 
assessment examined 
differential impact on 
different farm size. 
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T h e r e are t h r e e b r o a d lessons t h a t can b e d r a w n f r o m these cases he lps i n 
t h e d i scuss ion o f t h e i n s t i t u t i o n a l a r c h i t e c t u r e o f a g r i c u l t u r a l R & D . 
F i r s t ly , t h a t n e w i n s t i t u t i o n a l a r r a n g e m e n t s f o r a g r i c u l t u r a l are s t a r t i n g t o 
e m e r g e in A f r i c a - b o t h in a p a r t n e r s h i p sense a n d in a gove rnance sense. T h e y 
m a y b e e x p e r i m e n t a l a n d i so l a t ed , b u t never the less i t i s a n i n d i c a t i o n t h a t 
i n s t i t u t i o n a l d e v e l o p m e n t s are s t a r t i n g t o t a k e p lace a n d t h a t t h e r e i s a n 
e m p i r i c a l basis f o r d i scuss ion o f these issues. 
Secondly , w h i l e these cases address t h e s ix k e y areas o f i n s t i t u t i o n a l 
change m e n t i o n e d i n s e c t i o n 2 t o v a r y i n g degrees, o v e r a l l i n s t i t u t i o n a l 
a r r a n g e m e n t s i n these cases are e x h i b i t i n g m a n y o f t h e fea tures t h a t one 
w o u l d e x p e c t based o n a n i n n o v a t i o n sys tems c o n c e p t u a l i z a t i o n . T h i s gives 
s o m e c o n f i d e n c e t o t h e ea r l i e r asser t ion t h a t t h e i n n o v a t i o n sys tems 
f r a m e w o r k can o f f e r a c o n c e p t u a l basis f o r e x p l o r i n g i n s t i t u t i o n a l change a n d 
d e v e l o p m e n t . 
T h i r d l y , a n d perhaps m o s t i m p o r t a n t l y , a l l t h r e e cases, w i t h t h e 
e x c e p t i o n o f N A A D S , w h i c h i s a t a n ea r ly stage o f d e v e l o p m e n t , suggest t h a t 
these t y p e s o f i n s t i t u t i o n a l a r r a n g e m e n t are l ead ing t o e n h a n c e d 
d e v e l o p m e n t a l i m p a c t s . 
T h e r e are a n u m b e r o f m o r e spec i f ic issues t h a t arise f r o m t h e case 
s tud ies r e l a t i n g t o t h e w a y R & D i n s t i t u t i o n a l a r r angemen t s are r e s p o n d i n g t o 
c h a n g i n g d e v e l o p m e n t p o l i c y i m p e r a t i v e s . 
Systems features 
A l l t h r e e case s tud ies i l l u s t r a t e t h e va lue o f f o r m i n g p a r t n e r s h i p s w i t h a range 
o f b o t h c o n v e n t i o n a l a n d n e w pa r tne r s . F u r t h e r m o r e t h e t y p e s o f r e l a t i o n s h i p 
i n v o l v e d are also new, b e i n g m u c h m o r e c o n s u l t a t i v e a n d less h i e r a r c h i c a l . 
A r g u a b l y t h e m o s t i m p o r t a n t lesson f r o m t h e fea tures o f t h e sys tems o b s e r v e d 
i s t h e w a y these i n s t i t u t i o n a l a r r a n g e m e n t s have ar isen a n d e v o l v e d . T h i s has 
r e q u i r e d b o t h i n t u i t i v e a n d e x p l i c i t l e a r n i n g processes t o b e i n p lace , l e a d i n g t o 
a s ign i f i can t degree o f i n s t i t u t i o n a l i n n o v a t i o n (see f u r t h e r d i scuss ion b e l o w o n 
e v o l v i n g ro l e s ) . 
Evolving roles 
T h e case s tud ies have s o m e u s e f u l t h i n g s t o say a b o u t t h e n e w r o l e o f t h e 
p u b l i c sector . I n fac t t h e r e i s n o n e w gener ic r o l e t h a t can b e d e f i n e d ; t h e 
p u b l i c s ec to r i s l i k e l y t o have m u l t i p l e ro les - f a c i l i t a t o r , i m p l e m e n t e d 
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research a n d t e c h n o l o g y deve lopers , sources o f f u n d i n g a n d c o n t r a c t o r s p f 
p r i v a t e l y f u n d e d research a n d t e c h n o l o g y services. These roles are h i g h l y 
c o n t e x t u a l r e l a t i n g i n s t i t u t i o n a l a n d task c o n t e x t s . 
T h i s f ea tu re o f c o n t e x t u a l roles also applies t o t h e N G O , C B O and , 
p a r t i c u l a r l y , t h e p r i v a t e sector. T h e case s tudies c lear ly suggest t h a t t h e r e w i l l 
b e i n v o l v e m e n t o f m o r e actors a n d c e r t a i n l y t h e p r i va t e sector. B u t t h i s s h o u l d 
n o t b e t h o u g h t a b o u t i n t e r m s o f a necessari ly greater research r o l e o f t h e 
p r i v a t e sector . T h e case s tudies suggest t h a t t h e i r i n v o l v e m e n t i n i n p u t a n d 
o u t p u t m a r k e t s i s go ing t o b e m u c h m o r e c ruc i a l . T h e N A A D S case perhaps 
takes t h i s c o n c l u s i o n one s tep f u r t h e r and suggests t h a t i f m o r e b road-based 
i n n o v a t i o n sys tems are t o emerge i n m u c h f o r m a l s k i l l e n h a n c e m e n t capac i ty 
d e v e l o p m e n t i n t h e p r i v a t e sec tor w i l l b e necessary. I n t h i s c o n t e x t q u a l i t y 
r e g u l a t i o n t h e r e f o r e b e c o m e s a n o t h e r ro le fo r t h e p u b l i c sector. 
A c o r o l l a r y o f t h i s has to be t h a t l ea rn ing i s go ing to be k e y to d e v e l o p i n g 
l o c a t i o n speci f ic a r rangements a n d t h a t loca l ly dev i sed i n s t i t u t i o n a l 
i n n o v a t i o n s are go ing t o b e key. T h i s has i m p o r t a n t i m p l i c a t i o n s f o r b o t h t h e 
d o n o r s a n d t h e i n t e r n a t i o n a l agencies. I t suggests t h a t a re l iance on b l u e p r i n t s 
i s m i s p l a c e d . For dono r s t h e i n i t i a l expe r i ence w i t h t h e sec tor w i d e a p p r o a c h 
seems t o c o n f o r m t o t h i s pe r spec t ive . For i n t e r n a t i o n a l agencies, even t h e 
s c i en t i f i c ones, i t suggests t h a t t h e y m u s t d i v e r t resources t o s t i m u l a t e 
i n s t i t u t i o n a l i nnova t i ons , t h r o u g h e x p e r i m e n t a t i o n , f a c i l i t a t i o n a n d grea ter 
analysis o f e x i s t i n g i n t e r v e n t i o n s , a n d t h r o u g h w e l l - i n f o r m e d advocacy. 
A n o t h e r w a y o f saying t h i s i s t h a t t h e t e c h n o l o g y d e v e l o p m e n t p rowess o f 
these i n t e r n a t i o n a l agencies needs t o b e a c c o m p a n i e d b y i n s t i t u t i o n a l 
k n o w l e d g e c o n c e r n i n g t h e research process. 
Governance 
A l l t h r e e case s tudies e x h i b i t a consu l t a t i ve process f o r p l a n n i n g a n d 
i m p l e m e n t a t i o n w i t h w i d e r p a r t i c i p a t i o n w i t h a range o f s t akeho lders . T h i s 
seems t o b e a genera l f ea tu re ar is ing o u t o f w o r k i n g w i t h b road-based 
p a r t n e r s h i p s . T h e w a y t h i s has been t r ans l a t ed i n t o n e w p a t t e r n s o f 
governance a n d a c c o u n t a b i l i t y i s less clear. S M I P has i n d e e d go t a v e r y s t r o n g 
a c c o u n t a b i l i t y r e g i m e , b u t t o t h e donor , n o t necessari ly t o t e c h n o l o g y users 
a n d pa r tne r s , a l t h o u g h p r e s u m a b l y these p a r t n e r s h i p r e l y o n i m p l i c i t 
a c c o u n t a b i l i t y . N A A D S has m a d e organ iza t iona l a n d i n s t i t u t i o n a l changes i n 
a n e x p l i c i t a t t e m p t t o i m p r o v e t h e vo ice o f p o o r f a rmer s i n p r o g r a m 
i m p l e m e n t a t i o n . T h e emergence o f n e w research p r i o r i t i e s i s less clear. 
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H o w e v e r , t h e a c t i o n - o r i e n t a t e d f r a m e w o r k o f b o t h t h e S M I P a n d t h e I S A A A 
i n t e r v e n t i o n s d e m o n s t r a t e s t h e i m p o r t a n c e o f f l e x i b l e i t e r a t i v e research 
app roaches . 
Wider institutional context 
T h e N A A D S case s tands o u t i n t h e w a y i t i s e m b e d d e d i n a n d emerges f r o m 
t h e w i d e r i n s t i t u t i o n a l a n d p o l i t i c a l d e v e l o p m e n t s associa ted w i t h t h e 
d e v e l o p m e n t p a r a d i g m b e i n g p u r s u e d i n U g a n d a . N e i t h e r o f t h e o t h e r 
i n t e r v e n t i o n s has such close i n t e g r a t i o n w i t h l oca l d e v e l o p m e n t processes. 
H o w e v e r e v e n i n t h e o t h e r i n i t i a t i v e s t h e o rgan i z ing p r i n c i p l e s t h a t i n f o r m 
t h e i r v i s i o n a n d scope are m u c h m o r e c lose ly r e l a t e d t o c o n t e m p o r a r y 
d e v e l o p m e n t agendas t h a n t h e c o n v e n t i o n a l s c i e n t i f i c l ead p r o g r a m s w o u l d 
be . 
Capacity building 
F o r m a l R & D c a p a c i t y b u i l d i n g has n o t b e e n a f e a tu r e o f any o f t h e case 
s tud ies . I n s t e a d w h a t has b e e n h i g h l i g h t e d i s t h e i m p o r t a n c e o f c r e a t i n g 
s t r onge r l inkages b e t w e e n d i f f e r e n t o rgan iza t ions - s o m e t i m e s t h r o u g h f o r m a l 
m e c h a n i s m s s o m e t i m e s t h r o u g h i n f o r m a l n e t w o r k i n g . A n i m p o r t a n t aspect o f 
t h i s c a p a c i t y b u i l d i n g i s t h e d e v e l o p m e n t o f p a r t n e r i n g sk i l l s . A n i m p o r t a n t 
r o l e f o r b o t h n a t i o n a l a n d i n t e r n a t i o n a l research a n d e x t e n s i o n o rgan iza t ions i s 
t o h e l p f a c i l i t a t e t h e d e v e l o p m e n t o f such sk i l l s , a s t h i s w i l l s t r e n g t h e n t h e 
c o n n e c t i v i t y i n t h e i n n o v a t i o n s y s t e m d e v e l o p . 
Poverty focus 
T h e p o v e r t y focus o f N A A D S i s p a r t i c u l a r l y i n t e r e s t i n g , a s pe rhaps , o f a l l t h e 
cases, t h i s o n e has a c k n o w l e d g e d t h a t s o m e o f t h e d i f f i c u l t p o w e r d y n a m i c s i n 
R & D a n d t e c h n o l o g y p r o m o t i o n are e m b e d d e d a n d t h e w a y s these are l i k e l y 
t o a f f ec t t h e o v e r a l l d i r e c t i o n o f t h e p r o g r a m . I t i s j u s t t h i s so r t o f i n s t i t u t i o n a l 
c o n t e x t t h a t i n n o v a t i o n sys tems f r a m e w o r k encourages t h e analysis t o r evea l 
a n d e x p l o r e . T h i s t y p e o f p e r s p e c t i v e i s g o i n g t o b e r e q u i r e d i f a s t ronge r 
p o v e r t y focus i s g o i n g t o b e a c h i e v e d i n i n t e r v e n t i o n s . 
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Conclusions 
T h e f o l l o w i n g p o i n t s n e e d t o b e c o n s i d e r e d w h e n N A R E I S c o n t e m p l a t e t h e i r 
f u t u r e : 
1. Priorities and approaches change. Research and t e c h n o l o g y p r o m o t i o n 
ac t i v i t i e s are e m b e d d e d i n a changing w o r l d , p rog rams n e e d t o b e able t o 
adap t a n d evo lve . S t ra teg ic changes need t o be r ecogn ized a n d d e b a t e d . 
2. Learning is important. M a k i n g i n s t i t u t i o n a l l ea rn ing processes e x p l i c i t 
appears t o b e a w a y o f d e v e l o p i n g b e t t e r p rog rams a n d w o r k i n g p rac t i ces . 
Resources s h o u l d be d i v e r t e d to t h i s a c t i v i t y a s a c o m p l e m e n t to t e c h n o l o g y 
d e v e l o p m e n t . 
3. Developmental objectives help broaden participation. A d o p t i n g a 
d e v e l o p m e n t a l agenda shif ts t h e ove ra l l organiz ing p r i n c i p l e a n d i n d o i n g s o 
d r a w s i n n e w pa r tne r s a n d creates n e w roles. I n p a r t t h i s concerns g i v i n g 
R & D p r o g r a m s a shared pe r spec t ive w i t h a w i d e r s p e c t r u m o f 
o rgan iza t ions . B y w o r k i n g w i t h d e v e l o p m e n t - o r i e n t a t e d pa r tne r s t h e 
ev idence suggests s t ronger p a r t i c i p a t i o n f r o m t e c h n o l o g y users. O v e r a l l t h i s 
u n d e r l i n e s t h e va lue o f b l u r r i n g t h e d i s t i n c t i o n b e t w e e n research a n d 
d e v e l o p m e n t . N e w pa t t e rns o f a c c o u n t a b i l i t y a c c o m p a n y a d e v e l o p m e n t a l 
f r a m e w o r k , a n d can also be a w a y o f s t r e n g t h e n i n g p a r t n e r s h i p 
d e v e l o p m e n t . 
4. W o r k i n g w i t h n e w partners part icularly the private sector involves a 
l earning process. W o r k i n g w i t h t h e p r i v a t e sec tor was i n i t i a l l y d i f f i c u l t 
r e q u i r i n g t h e m t o adapt t o t h e p rocedures a n d ski l ls o f t h e i r pa r tne r s . 
I n s t i t u t i o n a l l ea rn ing i m p r o v e s p r o g r a m e v o l u t i o n a n d des ign a n d he lps 
o rgan iza t ions l ea rn h o w t o p a r t n e r be t t e r . I n s t i t u t i o n a l i n n o v a t i o n s o f t h i s 
t y p e n e e d to be r ecogn ized as equa l ly i m p o r t a n t as t e c h n o l o g i c a l 
i n n o v a t i o n s . 
5. Partnerships need to be structured around problems and local 
contexts. G r o u p i n g pa r tne r sh ips a n d re la t ionsh ips a r o u n d a p r o b l e m or 
task i s i m p o r t a n t . T h e va lue o f t h i s relates t o d r a w i n g t o g e t h e r a s y s t e m o f 
p a r t n e r s w i t h a shared o r i n t e r s ec t i ng in te res t , o r agenda, w i t h 
c o m p e t e n c i e s r e l evan t t o t h e s o l u t i o n o f t h e p r o b l e m a n d w i t h t h e p h y s i c a l 
a n d f i n a n c i a l resources r e q u i r e d . T h e par tners a n d re l a t ionsh ips a n d roles 
i n v o l v e d are t h e r e f o r e d e t e r m i n e d b y loca l task, o rgan iza t iona l a n d 
i n s t i t u t i o n a l c o n t e x t s . T h i s u n d e r l i n e s t h e i m p o r t a n c e o f a l l o w i n g d i v e r s i t y 
o f a p p r o a c h a n d pa r tne r s t o evolve i n specif ic c o n t e x t , r a t h e r t h a n 
m a n d a t i n g b l u e p r i n t s , a n d t h e c r i t i c a l ro le o f i n s t i t u t i o n a l i n n o v a t i o n . 
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6. Partnership can be used as a mechanism for identifying re searchable 
issues. W h i l e t h e e v i d e n c e f r o m t h e case s tud ies o n l y s h o w e d l i m i t e d 
e x a m p l e s o f t h i s , i t does suggest t h a t p a r t n e r s h i p g roups o f f e r a p o t e n t i a l l y 
va luab l e arena f o r i d e n t i f y i n g researchable issues a n d n e g o t i a t i n g p r i o r i t i e s . 
7. The importance of flexibility and iterative work plans and procedures. 
S o m e o f t h e success o f i n t e r v e n t i o n s i s t h a t t h e y are able t o b e s l i g h t l y 
o p p o r t u n i s t i c . T h i s b o t h i n t e r m s o f d e v e l o p i n g r e l a t i o n s h i p s w i t h n e w 
p a r t n e r s a n d b e i n g able t o address e m e r g i n g research cons t r a in t s a n d 
o p p o r t u n i t i e s . T h i s suggests t h e va lue o f f l e x i b l e a n d i t e r a t i v e p l a n n i n g a n d 
i m p l e m e n t a t i o n p r o c e d u r e s . S ince t h e p r o g r a m i s m u c h m o r e 
d e v e l o p m e n t / o u t p u t o r i e n t a t e d , t h e process b y w h i c h t h i s i s a c h i e v e d 
b e c o m e s a n i t e r a t i v e m a n a g e m e n t issue r a t h e r t h a n a c o m p o n e n t o f t h e 
i n i t i a l p l a n n i n g process . 
8. Greater emphasis on systems capacity building. A b r o a d p l a n n i n g 
i m p l i c a t i o n f r o m t h e above i s t h a t i f these t y p e s o f sys tems processes a n d 
r e l a t i o n s h i p are encou raged , t h e i m p a c t o f research a n d t e c h n o l o g y 
p r o m o t i o n p r o g r a m s can b e i m p r o v e d . T h i s suggests t h e r e f o r e t h a t sys tems 
capac i t y needs t o b e b u i l t b y s t r e n g t h e n i n g l inkages , b r o a d e n i n g 
p a r t i c i p a t i o n , a l l o w i n g l o c a l n e t w o r k s t o evo lve , a n d m a k i n g l e a r n i n g a n d 
i n s t i t u t i o n a l i n n o v a t i o n a n e x p l i c i t o u t p u t o f research a n d t e c h n o l o g y 
p r o g r a m s . T h i s sys tems p e r s p e c t i v e o n capac i ty b u i l d i n g needs t o 
c o m p l e m e n t c o n v e n t i o n a l i n v e s t m e n t s i n s c i en t i s t t r a i n i n g a n d research 
i n f r a s t r u c t u r e . 
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Agricultural R&D for the African SAT: 
The Way Forward 
T h i s session l ooks a t R & D p r i o r i t i e s f r o m t h e pe r spec t ive o f r eg iona l 
o rgan iza t ions a n d d o n o r agencies. I n p u t s f r o m t h e t h r e e m a j o r 
r eg iona l organiza t ions ( S A C C A R , C O R A F , A S A R E C A ) t h a t 
manage a n d c o o r d i n a t e a g r i c u l t u r a l research i n sub-Saharan A f r i c a , 
a n d f r o m I D R C , a k e y d e v e l o p m e n t inves to r i n t h e reg ion , p r o v i d e 
a n o v e r v i e w o f t h e b r o a d research a n d p o l i c y issues t o b e addressed. 
Regiona l a n d i n t e r n a t i o n a l e f fo r t s m u s t b e d i c t a t e d b y n a t i o n a l 
p r i o r i t i e s . T h e r e i s a clear n e e d fo r m o r e focused , t a r g e t e d research 
- t e c h n o l o g y d e v e l o p m e n t c o m p l e m e n t e d by soc io -economic a n d 
p o l i c y research - i n o r d e r t o create i m p a c t a t f a r m l eve l . T h e R & D 
agenda m u s t encompass a range o f ob jec t ives i n c l u d i n g equ i ty , 
e f f i c iency , capac i ty b u i l d i n g and e n v i r o n m e n t a l i m p a c t . B u t w i t h 
such a b r o a d m a n d a t e a n d l i m i t e d resources i t i s i m p o r t a n t t o 
p r i o r i t i z e research ac t iv i t i e s , a n d p o o l ski l ls and resources f r o m a 
range o f pa r tne r s . 
Agricultural R&D priorities for the African SAT 
D h a n e s h w a r D u m u r 1 
T h e p r e s e n t a t i o n gave a b r i e f synopsis i n t o t h e m a n d a t e o f t h e S A C C A R a n d 
t h e cha l lenges i t faces i n f a c i l i t a t i n g a g r i c u l t u r a l d e v e l o p m e n t i n s o u t h e r n 
A f r i c a r e g i o n . I t i d e n t i f i e d t h e areas f u t u r e research a n d d e v e l o p m e n t s h o u l d 
focus o n a n d h i g h l i g h t e d p o t e n t i a l f o r r e g i o n a l c o o p e r a t i o n i n research . 
Status of SACCAR 
• F u n c t i o n a l l y p r e sen t . 
• I t s m a n d a t e has c h a n g e d t o focus o n a c t i v i t i e s t h a t p r o m o t e r e g i o n a l 
c o o p e r a t i o n . 
• S A C C A R t o change i n t o S A D C D i r e c t o r a t e o f f o o d a n d e n v i r o n m e n t , b u t 
s t i l l f u n c t i o n as a sub - r eg iona l r esea rch o r g a n i z a t i o n ( S R O ) . 
• D u e t o b e i n c o r p o r a t e d i n t o t h e C o u n c i l o f M i n i s t e r s o f S A D C . 
• H a s a m i d - t e r m p l a n t o 2 0 0 5 i n w h i c h t h e E U has p l e d g e d s u p p o r t , sub j ec t 
t o n e w s ta tus . 
SACCAR's perspectives on SAT research agenda 
1 . W h a t i s t h e research p r o b l e m ? 
• S h o u l d research a n d d e v e l o p m e n t stress s o m u c h o n a d o p t i o n a n d 
i m p a c t ? 
• I s t h e p r o b l e m o f l o w a d o p t i o n a n d i m p a c t o f t e c h n o l o g i e s t h a t o f 
i n f o r m a t i o n c o n s t r a i n t o r serv ice c o n s t r a i n t ? 
• H o w d o w e m o v e b e y o n d p r o d u c t i o n , i . e . w h a t p a t h w a y s s h o u l d a 
t e c h n o l o g y m o v e t h r o u g h ? C a n d e v e l o p i n g l inkages i m p r o v e access t o 
t e c h n o l o g i e s 
2 . H a v e w e g i v e n a socia l d i m e n s i o n t o t h e w o r k o f t h e resea rch organiza t ions? 
• W h a t are t h e e x p e n d i t u r e p r o f i l e s o f f a r m i n g h o u s e h o l d s i n househo lds? 
• W h a t w o u l d have h a p p e n e d i f l A R C s l i k e I C R I S A T d i d n o t c o n t r i b u t e ? 
• I s t h e c u r r e n t c h o i c e o f c r i t e r i a a n d i n d i c a t o r s f o r R 4 D s t i l l va l id? 
1. Food and Agricultural Research Council, Quartre Bornes, Mauritius. 
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3 . P r i o r i t y s e t t i n g f o r research: i f p e o p l e are m o v i n g o u t o f a g r i c u l t u r e , g i v e n 
m o r e resources , w h a t p r i o r i t i e s s h o u l d research set t o t a rge t f a r m e r s w h o 
g e n u i n e l y r e q u i r e i n v e s t m e n t ? W e n e e d n o t w o r k w i t h r i c h man ' s c rops -
S A T has o w n p r o f i l e o f e n v i r o n m e n t , f a rmers , e tc . 
4 . I n e m p h a s i z i n g t h e phys i ca l a n d m a r k e t e n v i r o n m e n t , R 4 D m u s t n o t lose 
s igh t o f t e c h n o l o g y e n v i r o n m e n t . Issues o f b i o t e c h n o l o g y s t i l l n e e d s o m e 
r e f l e c t i o n a n d research, i .e . w h a t are t h e l i k e l y benef i t s , costs, po l i c i e s , e tc . 
5 . T e c h n o l o g i c a l d i s s e m i n a t i o n - i f I A R C s ' r o l e i s d e v e l o p i n g t echno log ie s a n d 
i n t e r n a t i o n a l d e v e l o p m e n t pa r tne r s f o r d i s s e m i n a t i o n , t h e n w e n e e d t o 
e x p l o i t t h e c o m p a r a t i v e advantages w i t h i n p a r t n e r organiza t ions t h r o u g h 
e f f e c t i v e l inkages a n d pa r tne r sh ips . 
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The elements of technology development for 
sub-Saharan Africa 
A d i e l M b a b u 1 
T h e o b j e c t i v e o f t h i s p r e s e n t a t i o n was t o syn thes ize t h e p roceed ings o f t h e 
w o r k s h o p a n d l i n k t h e m w i t h A S A R E C A ' s m i s s i o n a n d chal lenges t o R & D i n 
eas te rn a n d c e n t r a l A f r i c a r e g i o n . I n his p r e s e n t a t i o n , D r M b a b u d r e w a 
p a r a l l e l b e t w e e n w o r k s h o p d e l i b e r a t i o n s a n d t h e w o r k a n d chal lenges o f 
A S A R E C A . H e c o n s t r u c t e d a p r o b l e m t r e e t o i l l u s t r a t e t h e R & D cha l lenge 
a n d g ive a n analysis o f t h e s t r eng ths a n d weaknesses o f t h e c u r r e n t research 
s e t -up i n a Q & A f o r m a t : 
What did I hear? 
G o a l : E c o n o m i c g r o w t h a n d socia l w e l f a r e 
P u r p o s e : Sus ta inab le p r o d u c t i v i t y gains, c o m p e t i t i v e n e s s a n d v a l u e a d d e d 
a g r i c u l t u r e 
Outputs: 
• D e m a n d - d r i v e n t e c h n o l o g i e s u t i l i z e d 
• D e m a n d - d r i v e n t e c h n o l o g i e s d i s s e m i n a t e d 
• D e m a n d - d r i v e n t e c h n o l o g i e s g e n e r a t e d 
• S u p p o r t i v e P o l i c y e n v i r o n m e n t 
• Po l i cy advocacy 
• Po l i cy o p t i o n s ava i l ed 
• S u p p o r t i v e I n s t i t u t i o n a l A r r a n g e m e n t s 
• I n s t i t u t i o n a l i n n o v a t i o n s - s u p p l y a n d d e m a n d 
• I n s t i t u t i o n a l analysis - s u p p l y a n d d e m a n d 
What do I think? 
• E x c e l l e n t f r a m e w o r k 
• G o a l i s w o r t h p u r s u i n g f o r R 4 D 
• Pu rpose i s ach ievab le w i t h a l o t o f h e l p f r o m o t h e r s 
1. ASARECA, Entebbe, Uganda. 
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• O u t p u t s are necessary a n d su f f i c i en t to d e l i v e r t h e p u r p o s e 
• Q u e s t i o n is, are w e w i l l i n g a n d able t o r e - d i s t r i b u t e o u r l i m i t e d resources t o 
d e l i v e r t h e t h r e e o u t p u t s ? 
• F r o m t h e papers in t h e conference, a l o t o f emphasis i s l a id in t h e f i r s t o u t p u t 
( technologies) , b u t scanty on t h e o the r t w o (policies and in s t i t u t ions ) . 
Considerations for priority setting 
1 . E n t r y p o i n t s : A s k i n g t h e r i g h t ques t ions a t t h e r i g h t u n i t s o f analysis. 
For e x a m p l e : 
• W h a t does i t t a k e t o t r a n s f o r m subsistence economies i n t o c o m m e r c i a l 
enterpr ises? ( P o l i t i c o - e c o n o m y ) 
• W h a t i s t h e r o l e o f research i n t h e t r a n s f o r m a t i o n process? (Research 
sec to r ) 
• W h a t i s t h e r o l e o f I C R I S A T i n t h e t r a n s f o r m a t i o n process? (Research 
sub- sec to r ) 
• T h e answers to these ques t ions p r o v i d e a basis f o r v i s i o n a n d 
s trategy. 
• F u r t h e r , t h e ques t ions are l e g i t i m a t e f o r social sc ient is ts i n R 4 D 
i n s t i t u t i o n s . 
2. Scope for R4D 
• P r o d u c t i o n to c o n s u m p t i o n cha in 
• F a r m p r o d u c t i v i t y 
• N a t u r a l resource m a n a g e m e n t 
• P roces s ing /va lue -add ing 
• S u p p o r t i v e p o l i c y 
• S u p p o r t i v e i n s t i t u t i o n s , i n c l u d i n g m a r k e t s 
• T y p e of research 
• Basic - a d d i n g to t h e p o o l o f k n o w l e d g e 
• A p p l i e d - p r o b l e m so lv ing : 
• S t ra teg ic - gene ra t ing i n t e r v e n t i o n s 
• A d a p t i v e - s u i t a b i l i t y to g iven e n v i r o n m e n t s ( s o c i o e c o n o m i c , 
b i o p h y s i c a l ) 
• U p t a k e p a t h w a y s ( d e l i v e r y process c o n s i d e r i n g t h e n a t u r e o f t h e 
p r o d u c t a n d t h e r e c i p i e n t , a s w e l l a s t h e v a r y i n g e n v i r o n m e n t . 
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3 . S c a l e f o r R 4 D 
• Capac i t y , i n r e l a t i o n t o scope 
• H u m a n resources- d i s c i p l i n a r y m i x e s 
• Phys ica l resources 
• V a l u e - a d d i n g Pa r tne r sh ips - C o m p l e m e n t i n -house 
• C o n s i d e r i n s t i t u t i o n a l co re business; i m p o r t a n t , a n d o n l y y o u c a n d o ! 
Take leadersh ip . 
• C o n s i d e r i n s t i t u t i o n a l n o n - c o r e business; i m p o r t a n t , b u t others c a n d o ! 
P l a y c a t a l y t i c role . 
C o n c l u s i o n : E m e r g i n g c o n c e p t u a l f r a m e w o r k i s a b i g s tep i n t h e r i g h t 
d i r e c t i o n , b u t t h e cha l l enge i s i n i n i t i a t i n g t h e necessary i n s t i t u t i o n a l 
i n n o v a t i o n t o d e l i v e r t h e p r o m i s e ! 
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Se t t i ng t h e R & D agenda f o r semi -a r i d r e g i o n s 
in A f r i ca 
M a r c e l N w a l o z i e 1 
I A R C s s h o u l d f o l l o w t h e manda t e s fo r reg ional research es tab l i shed b y t h e 
Sub-Reg iona l O r g a n i z a t i o n s ( S R O s ) . I n W e s t A f r i c a , s o r g h u m a n d m i l l e t 
research p r i o r i t i e s have been p l aced o n p r o d u c t m a r k e t d e v e l o p m e n t , 
i m p r o v i n g awareness o f n e w var ie t ies , a n d seed sys t em d e v e l o p m e n t . For 
g r o u n d n u t , p r i o r i t y has b e e n p l a c e d o n i m p r o v i n g resistance t o d r o u g h t a n d 
diseases. K e y issues i n c l u d e h o w t o a d d va lue t o t h e p r o d u c t i o n o f small-scale 
f a r m e r s a n d h o w t o accelerate a d o p t i o n o f n e w techno log ies . C a n t h e I A R C s 
assist w i t h process ing research, s t r eng then ing m a r k e t linkages? 
Regiona l c o n s u l t a t i o n s have been u n d e r w a y b e t w e e n C O R A F a n d t h e 
C G C e n t e r s ; t h i s i s a n on -go ing d ia logue o n h o w best t o share t h e task o f 
research i n t h e r eg ion . T h e r e are 1 9 d i f f e r e n t co l l a t e r a l c o o r d i n a t i n g 
m e c h a n i s m s i n c l u d i n g n e t w o r k s , counc i l s a n d r e l a t ed bod ies . 
A c h i e f o b j e c t i v e s h o u l d b e t o a d d va lue t o w h a t t h e n a t i o n a l a g r i c u l t u r a l 
research i n s t i t u t e s ( N A R I s ) are d o i n g . T h e SROs w i l l c o o r d i n a t e , n o t 
i m p l e m e n t research. 
1. CORAF, Dakar-Yoff, Senegal. 
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Issues in agricultural R&D priorities 
for sub-Saharan Africa 
Luis N a v a r r o 1 
T h e m a i n ob j ec t i ve o f t h e p r e s e n t a t i o n was t o give a n o v e r v i e w o f I D R C ' s 
m i s s i o n a n d w o r k i n t h e S A T / S S A a n d t h e n l i n k t h i s t o t h e w o r k s h o p objec t ives , 
g i v i n g i n d i c a t i o n s o f t h e f u t u r e d i r e c t i o n o f R & D i n t h e r eg ion . D r N a v a r r o 
n o t e d t h a t t h e a i m o f t h e I D R C was t o enable conscious t h i n k i n g researchers 
u n d e r t a k e research t h a t p r o v i d e D e v e l o p m e n t so lu t ions t o t h e S A T / S S A . H e 
e m p h a s i z e d t h e n e e d f o r c r i t i c a l t h i n k i n g i n choos ing R & D focus - w h e t h e r i t 
s h o u l d b e t e c h n o l o g y o r p o l i c y o r i n s t i t u t i o n a l research. T h e best c r i t e r i o n i s t o 
choose t h e focus w h i l e r e m a i n i n g conscious o f t h e e x i s t i n g e n v i r o n m e n t ! H e 
f u r t h e r a rgued t h a t t h e process o f r e s p o n d i n g t o e n v i r o n m e n t a l sus ta inab i l i ty 
invo lves recogniz ing w h e r e researchers a n d organizat ions w o r k , w h a t t h e y are 
w o r k i n g o n , a n d t h e e n v i r o n m e n t c o n d i t i o n i n g t h e i r opera t ions . 
E m p h a s i z i n g t h e n e e d f o r p a r t n e r s h i p s a s a w a y f o r w a r d f o r R & D , h e 
a r g u e d t h a t t h e y m u s t b e m u t u a l , w i t h a c o m m o n goal a n d b e n e f i c i a l t o a l l t h e 
p a r t n e r s i n v o l v e d . Par tners n e e d n o t share t h e co re ob jec t ives o f each o the r , 
b u t n e e d t o c o m p l e m e n t each o t h e r . H e e m p h a s i z e d t h e n e e d t o i m p r o v e 
l inkages w i t h d e v e l o p m e n t o rgan iza t ions t o enhance t e c h n o l o g y u p t a k e b y 
f a r m e r s i n SAT. T h e r e i s also t h e n e e d t o t a p a n d c o m b i n e t h e sk i l l s a n d 
k n o w l e d g e a l r eady e x i s t i n g i n t h e va r ious o rgan iza t ions o r p a r t n e r s . I n t h i s 
r ega rd , h e i n d i c a t e d t h a t I D R C , i n i t s " B u i l d i n g a P y r a m i d " p r o j e c t i s 
e v a l u a t i n g a n d c o n d e n s i n g research a l ready d o n e i n t h e r e g i o n a n d 
i n t e r n a t i o n a l l y i n t o a l e a r n i n g t o o l t h a t can b e u s e d f o r p l a n n i n g b y resea rch 
o rgan iza t ions w o r k i n g i n t h e S A T / S S A . 
A d d r e s s i n g t h e p r o b l e m o f l o w a d o p t i o n o f p o l i c y research resu l t s , D r 
N a v a r r o r e p o r t e d t h a t t h e I D R C i s a l r eady w o r k i n g o n i t i n t h e r e g i o n , i n i t s 
" C l o s i n g t h e L o o p " p r o j e c t a i m e d a t inc reas ing t h e use o f research resu l t s i n 
p o l i c y f o r m u l a t i o n a n d s e t t i n g t h e research agenda. I t i s f o c u s i n g m o r e o n 
m u l t i d i s c i p l i n a r y n e t w o r k s t h a t are capable o f l o b b y i n g p o l i c y m a k e r s t o a d o p t 
p o l i c i e s r e c o m m e n d e d f r o m research . H e f u r t h e r a r g u e d t h a t c lose 
c o l l a b o r a t i o n w i t h s t akeho lde r s i n p o l i c y analysis a n d research w o u l d i m p r o v e 
u p t a k e , b u t t h e researchers /analys ts have t o m a k e t h e i r w o r k k n o w n t o p o l i c y 
m a k e r s a n d also k n o w t h e needs a n d e n v i r o n m e n t s o f p o l i c y m a k e r s . I n 
a d d i t i o n , t h e packag ing o f t h e resu l t s also m a t t e r s . 
1. International Development Research Center (IDRC), Nairobi, Kenya. 
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Workshop Recommendations 
Agricultural R&D for the African SAT: Implications for 
research priorities 
1. There remains a need for technology suitable for both market and 
subsistence production systems 
• M a n y S A T fa rmers c o n c e n t r a t e o n subsistence p r o d u c t i o n because t h e y 
are poor , l i ve far f r o m m a r k e t s , face p o o r i n f r a s t r u c t u r e e tc . O f course 
p e o p l e n e e d t o m a k e some money , b u t p r o d u c i n g m a i n l y fo r exchange 
m a y b e t o o a m b i t i o u s fo r m a n y o f t h e groups t a rge t ed b y R 4 D . 
• T e c h n o l o g y research p rog rams n e e d t o m o v e t o w a r d greater c o n c e r n f o r 
w h a t S A T fa rmers can sell i n t h e m a r k e t . M a r k e t i n g / c o m m e r c i a l i z a t i o n 
issues are o f t e n t h e w e a k l i n k l i m i t i n g t h e sus ta ined a d o p t i o n o f n e w 
t e c h n o l o g y l ead ing t o increased p r o d u c t i o n / p r o d u c t i v i t y . 
• E x p l o r e pos t -harves t t echno log ies f o r S A T crops so as to a d d va lue a n d 
d e v e l o p n e w m a r k e t s . 
• S h i f t f r o m n a r r o w sec tora l ( ag r i cu l t u r a l ) to a b r o a d i n t e r - s e c t o r a l 
p e r s p e c t i v e ( t h e r u r a l e conomy , i n c l u d i n g t h e n o n - f a r m sec tor ) w h e n 
f o r m u l a t i n g research p r i o r i t i e s a n d t echno logy . 
• Focus on marke t , po l i cy and ins t i tu t iona l factors tha t inf luence sustainable 
management and u t i l i za t ion of w a t e r as w e l l as factors t ha t l i m i t i n v e s t m e n t 
oppo r tun i t i e s for d ivers i f ica t ion and commerc ia l i za t ion o f S A T agr icul ture . 
2. There is a need for a strong policy / economics department in Research 
Institutes concerned with SAT agriculture. 
T h i s w o u l d f ac i l i t a t e a b e t t e r u n d e r s t a n d i n g o f t h e d e p t h s o f m a r k e t s a n d 
p r o v i d e i n f o r m a t i o n o n po l ic ies , i n s t i t u t i o n a l fac tors etc. , w h i c h w o u l d h e l p 
p r i v a t e t r a d e r s / g o v e r n m e n t / o t h e r s t o sustain d e m a n d t h r o u g h t r a n s f o r m a t i o n 
a n d a p p l i c a t i o n o f t h e reg iona l d i m e n s i o n o f p r o d u c t d e m a n d . I n a d d i t i o n , t h e 
f o l l o w i n g are i m p o r t a n t : 
• E x - a n t e m a r k e t analysis shou ld be m a d e an in tegra l pa r t o f R 4 D p rog rams 
• S h o u l d es tab l i sh an i n i t i a t i v e focus ing on t e c h n o l o g y a d o p t i o n a n d 
• S h o u l d i d e n t i f y losers a n d gainers f r o m n e w techno log ies and e x p l o r e 
c o m p e n s a t i o n o p t i o n s . 
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3. Shift the " Breeding Paradigm" 
• C r o p i m p r o v e m e n t p r o g r a m s s h o u l d endorse a n d a p p l y t h e n e w p l a n t -
b r e e d i n g p a r a d i g m l i n k i n g b r e e d i n g w i t h m a r k e t d e v e l o p m e n t . B u t , h o w 
d o w e i m p l e m e n t t h e n e w p a r a d i g m i n research a n d t r a in ing? 
• N e e d sus ta inable a n d n e w strategies f o r c apac i t y b u i l d i n g i n N A R S 
( b r o a d d e f i n i t i o n ) , i n c l u d i n g r a t i o n a l i z a t i o n o f c u r r i c u l u m i n degree , 
f o r m a l e d u c a t i o n a l / t e c h n i c a l t r a i n i n g i n s t i t u t i o n s . 
• I n c l u d e ques t i ons o n w h o does t h e t r a i n i n g , t h e c o n t e n t , a n d m o d a l i t i e s 
o f t r a i n i n g . A consensus i s necessary, a t least f o r t h e i m m e d i a t e f u t u r e , t o 
t r a i n b reede r s t o b e i m p a c t - o r i e n t e d a n d f o r t h e e c o n o m i s t s t o u n d e r t a k e 
a t h o r o u g h analysis o f c o n s t r a i n t s r a t h e r t h a n j u s t c o n c e n t r a t i n g o n 
i m p l e m e n t a t i o n o f s o l u t i o n s . 
• Focus a t b e t t e r m a t c h i n g o f n a t u r a l r esource based en te rp r i ses w i t h 
b i o p h y s i c a l e c o n o m i c a n d social c o n d i t i o n . 
4. There is a need for new strategies for Research for Development 
• Pursue research p r i o r i t y s e t t i n g w i t h a w i d e r range o f s t ra tegic p a r t n e r s i n 
p u b l i c research sys tems, d e v e l o p m e n t o rgan iza t ions a n d p r i v a t e sector . 
• P r o - a c t i v e l y p u r s u e r eg iona l c r o p i m p r o v e m e n t based o n d i f f e r ences i n 
c o m p a r a t i v e advantages a n d c o m p e t i t i v e edge i n I A R C s , S R O s , a n d 
N A R S . 
• Research f o r d e v e l o p m e n t s t ra tegy f o r S S A s h o u l d b e d r i v e n b y t h e m a i n 
agenda o f t h e A f r i c a n s t akeho lde r s . 
• Pursue a n agenda d r i v e n b y t h e d e m a n d s o f end-users , w h i c h m u s t 
increase i m p a c t o n b o t h l i v e l i h o o d s a n d science. 
• N e e d f o r b e t t e r u n d e r s t a n d i n g o f h o w S A T a g r i c u l t u r e i s e v o l v i n g u n d e r 
t h e i n f l u e n c e o f n e w l y e m e r g i n g b i o p h y s i c a l a n d s o c i o - e c o n o m i c 
e n v i r o n m e n t ( c l i m a t e change, d r o u g h t s , g l o b a l i z a t i o n , p o l i c y r e f o r m s , 
e t c . ) . 
• C h a r a c t e r i z e t h e f a r m i n g sys tems, as w e l l as t h e b i o p h y s i c a l 
sys tems i n t h e S A T t o f a c i l i t a t e p r o p e r t a r g e t i n g o f research 
• T h e i m p a c t s o f these changes o n p o v e r t y , f o o d s e c u r i t y a n d 
m a n a g e m e n t o f t h e n a t u r a l r e source base m u s t b e a c c o u n t e d f o r i n 
R 4 D . 
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5. There is a need to reconsider the institutional division of labor, 
funding, and capacity building 
T h e r e are t w o p e r t i n e n t ques t ions i n t h i s regard: 
• D o y o u b u i l d i n s t i t u t i o n s o r concen t r a t e o n impac t s? 
• H o w d o w e e m p o w e r N A R S t o p lay a n increas ingly m o r e i m p o r t a n t a n d 
c e n t r a l r o l e i n S A T ' s R 4 D ? 
6. There is a need to build-in consideration of HIV/AIDS 
H I V / A I D S i s a n increas ingly s igni f icant f ac to r i n t h e des ign a n d 
i m p l e m e n t a t i o n o f a g r i c u l t u r a l d e v e l o p m e n t p rog rams i n A f r i c a . T h e 
m a n a g e m e n t a n d p r e v e n t i o n o f t h e p a n d e m i c depends o n m a n y agencies 
d e f i n i n g w h a t t h e y can c o n t r i b u t e and w h a t w i l l be e f f ec t ive , regardless o f t h e 
m a g n i t u d e o f c o n t r i b u t i o n . 
7. ICRISAT, in particular, might consider the following interim steps 
• D e v e l o p a l o n g - t e r m s t ra tegy and adhere to i t . F r e q u e n t changes in plans 
a n d ac t iv i t i e s d i s r u p t opera t ions and c o m p r o m i s e s r e l i a b i l i t y a n d 
c r e d i b i l i t y w i t h pa r tne r s . 
• Prepare a w e l l - f o r m u l a t e d 1-year p r o g r a m f o r r e f l e c t i o n w i t h i n I C R I S A T 
o n i t s f u t u r e r o l e a n d re levance i n t h e SSA, e.g. s p e c i f i c a t i o n o f 
r e spons ib i l i t i e s , c o n s u l t a t i o n process, a n d a c h i e v e m e n t o f pos i t i ons a n d 
s t a t ed a ims s o t h a t , b y t h e e n d o f t h e year, I C R I S A T emerges w i t h a c lear 
u n d e r s t a n d i n g o f i t s f u t u r e r o l e ( s ) . 
• I n i t i a t e a m o r e consu l t a t i ve deba te on t h e n a t u r e o f t h e m i s s i o n a n d t h e 
a l t e r n a t i v e approaches used . 
• L e a r n i n g f r o m " Best Pract ices" or success s tories: 
• N e e d to c r i t i c a l l y analyze t h e available successful approaches (e.g. 
S A D C / I C R I S A T - S M I P ) o f R 4 D and i n c o r p o r a t e u s e f u l a n d 
agreeable aspects i n t o r a t i ona l i z ing a n d t a r g e t i n g a g r i c u l t u r a l 
research f o r SAT. 
• Eva lua t e progress t o - d a t e a n d t h e na tu r e o f cons t ra in t s t o progress , 
i n c l u d i n g eva lua t ing t h e roles a n d re levance o f pa r tne r s a n d a l t e r i n g 
p a r t n e r s h i p s a c c o r d i n g t o t h e ta rge t ob jec t ives . 
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Workshop Agenda 
Monday, 1 July 2002 
O p e n i n g 
8 :30 W e l c o m e SN Silim 
8:35 I n t r o d u c t i o n s HA Freeman 
8:45 O b j e c t i v e s of w o r k s h o p D Rohrbach 
S e s s i o n 1 : R u r a l H o u s e h o l d D e c i s i o n M a k i n g a n d 
T e c h n o l o g y C h a n g e 
C h a i r : M C S B a n t i l a n ( I C R I S A T ) R a p p o r t e u r : R Jones ( I C R I S A T ) 
9 : 0 0 D r o u g h t , r u r a l h o u s e h o l d d e c i s i o n m a k i n g a n d t e c h n o l o g i c a l 
change i n s o u t h e r n Z i m b a b w e 
D Rohrbach, J Alumira (ICRISAT) 
9 : 3 0 Changes i n r u r a l h o u s e h o l d l i v e l i h o o d strategies a n d 
o u t c o m e s i n B u r k i n a Faso 
J N djeunga (ICRISAT), K Savadogo (Univ. of Ouagadougou) 
1 0 : 0 0 D y n a m i c s o f h o u s e h o l d l i v e l i h o o d strategies: I m p l i c a t i o n s 
f o r a g r i c u l t u r a l research 
HA Freeman (ICRISAT), Frank Ellis (Univ. of East Anglia) 
1 0 : 3 0 C O F F E E / T E A B R E A K 
1 1 : 0 0 Panel d i scuss ion 
W Omamo (ISNAR), S Mbogoh (Univ. of Nairobi) 
S e s s i o n 2 : T h e E n v i r o n m e n t I n f l u e n c i n g T e c h n o l o g y C h o i c e 
C h a i r : M M u k u m b u ( U S A I D ) R a p p o r t e u r : J A l u m i r a ( I C R I S A T ) 
1 2 : 0 0 A g r i b u s i n e s s a n d m a r k e t l inkages 
L Busch (Michigan State Univ.) 
1 2 : 3 0 F o o d s e c u r i t y chal lenges i n sub-Saharan A f r i c a : 
T h e r o l e o f research a n d d e v e l o p m e n t 
H Sigwele (FANRPAN, Zimbabwe) 
1 3 : 0 0 L U N C H 
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Tuesday, 2 July 2002 
S e s s i o n 3 : T e c h n o l o g y T r e n d s a n d P r o s p e c t s 
Chair: I Minde (ASARECA) Rapporteur: S Twomlow (ICRISAT) 
8 :30 Trends a n d prospec t s fo r l i ve s tock systems i n 
t h e s e m i - a r i d t r o p i c s o f sub-Saharan A f r i c a 
T Williams (ILRI) 
9:15 C r o p t echno logy : Trends and prospec ts 
R Ortiz (IITA) 
1 0 : 0 0 A g r i c u l t u r a l w a t e r m a n a g e m e n t i n t h e s e m i - a r i d t r o p i c s 
o f A f r i c a : Chal lenges , o p p o r t u n i t i e s a n d t h e w a y f o r w a r d 
F Gichuki (IWMI) 
10 :45 C O F F E E / T E A B R E A K 
11 :15 N a t u r a l resource m a n a g e m e n t research strategies f o r t h e 
S A T o f sub-Saharan A f r i c a : Pat terns a n d o u t l o o k 
N Hatibu (Sokoine University) 
1 2 : 0 0 A d o p t i o n o f agrofores t ry t echno log ies i n t h e d r y l a n d s o f 
sub-Saharan A f r i c a : Exper iences a n d chal lenges i n W e s t , 
s o u t h e r n a n d eas tern A f r i c a 
S Franzel (ICRAF) 
1 3 : 0 0 L U N C H 
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1 4 : 0 0 
1 5 : 0 0 
1 5 : 3 0 
1 6 : 0 0 
1 6 : 3 0 
Panel d i scuss ion 
J Kariuki (KACE, Nairobi) 
C O F F E E / T E A B R E A K 
G e n d e r d i m e n s i o n s i n S A T ' s ag r i cu l t u r e a n d 
t h e i r i m p l i c a t i o n s o n research 
C Kabutha (Consultant) 
H I V / A I D S a n d A f r i c a n a g r i c u l t u r e 
T Quinlan (Univ. of Natal) 
Panel d i scuss ion 
L Kimenye (Univ. of Nairobi), K Savadogo (Univ. of 
Ouagadougou) 
Wednesday, 3 July 2002 
S e s s i o n 5 : E v o l u t i o n o f A g r i c u l t u r a l R e s e a r c h O r g a n i z a t i o n s 
C h a i r : M N w a l o z i e ( C O R A F ) R a p p o r t e u r : J N d j e u n g a ( I C R I S A T ) 
8 : 3 0 E v o l u t i o n o f c o l l a b o r a t i o n b e t w e e n N A R S , S R O s 
a n d I A R C s : Pa t te rns a n d p rospec t s 
L Mughogho (Tea Research Foundation, Malawi) 
9 : 0 0 N e w i n s t i t u t i o n a l a r r angemen t s i n a g r i c u l t u r a l R & D 
i n A f r i c a : C o n c e p t s a n d case s tud ies 
A Hall (ICRISAT) 
9 : 3 0 Panel d i scuss ion 
/ Minde (ASARECA) 
1 0 : 3 0 C O F F E E / T E A B R E A K 
S e s s i o n 6 : A g r i c u l t u r a l R & D f o r t h e A f r i c a n SAT: 
I m p l i c a t i o n s f o r R e s e a r c h P r i o r i t i e s 
R a p p o r t e u r : D R o h r b a c h ( I C R I S A T ) 
1 1 : 0 0 Panel d i scuss ion 
K Molapong (SACCAR), M Nwalozie (CORAF), 
A Mbabu (ASARECA) 
S e s s i o n 7 : S u m m a r y a n d C l o s i n g 
C h a i r : H A F r e e m a n ( I C R I S A T ) 
1 2 : 0 0 S u m m a r y o f m a i n conc lus ions 
C Ackello-Ogutu (Univ. of Nairobi) 
1 3 : 0 0 L U N C H 
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S e s s i o n 4 : A g r i c u l t u r a l R & D f o r t h e A f r i c a n S A T : 
T h e W a y F o r w a r d 
1 4 : 0 0 
1 5 : 3 0 
Panel d i scuss ion 
L Navarro (IDRC), W Oluoch-Kosura 
A Bationo (TSBF-CIAT) 
C O F F E E / T E A B R E A K 
(Univ. of Nairobi), 
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About ICRISAT 
T h e semi -a r id t rop ics ( S A T ) encompass parts o f 48 developing countr ies i n c l u d i n g 
m o s t of Ind ia , parts of southeast Asia , a swathe across sub-Saharan Af r i ca , m u c h of 
sou thern and eastern A f r i c a , and parts o f L a t i n A m e r i c a . M a n y of these countr ies are 
among t h e poorest i n t h e w o r l d . A p p r o x i m a t e l y one s ix th o f t he w o r l d ' s p o p u l a t i o n 
lives in t h e SAT, w h i c h i s t y p i f i e d by unpred ic tab le weather , l i m i t e d and errat ic 
ra infa l l , and n u t r i e n t - p o o r soils. 
I C R I S A T ' s manda te crops are sorghum, pearl m i l l e t , chickpea, pigeonpea, and 
g r o u n d n u t - f ive crops v i t a l to l i fe for the ever-increasing popula t ions of the S A T 
I C R I S A T ' s miss ion is to conduc t research tha t can lead to enhanced sustainable 
p r o d u c t i o n o f these crops and to i m p r o v e d management o f t he l i m i t e d natural 
resources o f t h e S A T I C R I S A T communica tes i n f o r m a t i o n on technologies as t hey 
are deve loped t h r o u g h workshops , ne tworks , t ra in ing , l ibrary services and publ i sh ing . 
I C R I S A T was established in 1972. I t i s suppor t ed by the Consu l ta t ive G r o u p on 
In te rna t iona l A g r i c u l t u r a l Research ( C G I A R ) , an i n f o r m a l association o f 
app rox ima te ly 50 pub l i c and pr iva te sector donors . I t i s co-sponsored by t h e Food and 
A g r i c u l t u r e Organiza t ion o f the U n i t e d Nat ions ( F A O ) , t he U n i t e d Na t ions 
D e v e l o p m e n t Programme ( U N D P ) , t he U n i t e d Na t ions E n v i r o n m e n t Programme 
( U N E P ) and the W o r l d Bank. I C R I S A T i s one o f 16 n o n p r o f i t C G I A R - s u p p o r t e d 
Fu ture Harves t Centres . 
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